1.1 The force, F, of the wind blowing against a building is given by 
F = CppV* A/2, where Vis the wind speed, p the density of the air, 
A the cross-sectional area of the building, and Cpis a constant termed 
the drag coefficient. Determine the dimensions of the drag coefficient. 


F = C eY'A72 
C,22F/eV'A, where F*MZT 
E= ML? 
Ve LT” 
Thus, A LŽ 
Co =(MLT?)/[ (mL NLT "Y 09] =M LT? 


Hence , Cy is dimensionless. 


J.2 


1.2 Verify the dimensions, in both the FLT and MLT systems, 
of the following quantities which appear in Table 1.1: (a) vol- 


ume, (b) acceleration, (c) mass, (d) moment of inertia (area), 
and (e) work. 


l 3 
(A) Volume = L 


(b) acceleration e Lime race of change of velocity 
d AF 


= Le 
= etes 


(0) mass = M 


or with F> MLT”? 


Dass Bi e 


(d) momet sf inertia (area) = second moment of Area 


a Led) = Li 


(e) work = ere x distance 
" 25 
or with FSMLT? 
work: ML* T 7* 





13 Determine the dimensions, in both the 
FLT system and_the MLT system, for (a) the 
product of force times acceleration, (b) the prod- 


uct of force times velocity divided by area, and 
(c) momentum divided by volume. 


(a) force x acceleration = (F)LT?)-2 FLT 
Since F3/"L T* 


Force x acceleration 5 (miT WLT7)2 MLT 


(b) fere» velocity . EN = pL'"T 


Area 


ED 


————— 
—— ——— — 


(LT Nur - lar 2 
L 2 


(c) momentum | rnass x velocity 





Volume pey eimi 
2 (eru Mur. FIT 
L3 
r~) 7 
— eee ^L — —/ 
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E 


Am 


1.4 Verify the dimensions. in both the FLT 
system and the MLT system. of the following 
quantities which. appear in Table 1.1: (a) fre- 
quency, (b) stress. (c) strain, (d) torque, and (e) 
work. 


Cycles . -| 
—— umo YU 


(a) Freguency = 


_ fore = f = p^ 
(L) stress = m zz 








Since a a r 
Né SA 





Stress = po 
(C) Ss train = change (a length = £ = g~ fe dimensionless 
Leng Ih L ji 


( d) torgue — force x distinte = EA 
> (MLTÀL) = MUT ? 


(C) work = force x distance = EL 
= (oT WL) = metr 


]-4 


1.5 If u is a velocity, x a length, and t a time, 
what are the dimensions (in the MLT system) of 


(a) du/dr, (b) à^u/àxat, and (c) f (au/ar) dx? 

















1.6 If p is a pressure, V a velocity, and p a fluid density, 
what are the dimensions (in the MLT system) of (a) p/p, (b) 
pVp, and (c) p/pV?? 


pel; 2 


(6) pvp fac'r?)(Lr7)(c)7 ML? 


P TT air ia 


) —— 2a ga. 2;0 72 
OV? ge) (LT)? MET (dimensionless 


(C 


1.7 If V is a velocity, € a length, and v a fluid property (the kine- 
matic viscosity) having dimensions of L?7~', which of the fol- 
lowing combinations are dimensionless: (a) Vv, (b) V£/v, (c) V?v, 
(d) V/£v? 


(a) VvV = (E TAr = [Tri leat dimensionless) 


VE o (eT 6) o T6 
(4) E rite ai [ 7 E TA 


(€) Wey = tr) rna HT Aa dimensionless ) 


T V E (LT^) - 
(d) dv = ETE -— E" (not dimensionless ) 


1.8 If Vis a velocity, determine the dimensions of Z, a, and G, 
which appear in the dimensionally homogeneous equation 


V=Za-—1)+G 
V= Z &-1) + 6 


[ir] = [2][4 0] + [6] 


Since. Cach term m The €guation must have 
the same di MENSIONS, ‘Lt follows that 


OE oe m 


L 2 F'L?T? ( dimensionless smie Combined 
with a number) 





G = LT 
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],d The volume rate of flow, Q, through a pipe containing a 
slowly moving liquid is given by the equation 
7 aR‘ Ap 


Bul 


where R is the pipe radius, Ap the pressure drop along the pipe, 
p a fluid property called viscosity (FL~*7), and £ the length of 
pipe. What are the dimensions of the constant 77/8? Would you 
classify this equation as a general homogeneous equation? 
Explain. 


irn E 


i717] sx [ur 


The Constant 1 /g Is dimension less | And 





the equation l> a general homogeneous 
CRuatidn That is valid in Guy Consistent 
un System. Yes. 





I-4 


1.10 | According to information found in an old hydraulics 
book, the energy loss per untt weight of fluid flowing through 
a nozzle connected to a hose can be estimated by the formula 


| 
h = (0.04 to 0.09)(D/d)*V?/2g 


where h is the energy loss per unit weight, D the hose diameter, 
d the nozzle tip diameter, V the fluid velocity in the hose, and 
g the acceleration of gravity. Do you think this equation is valid 
in any system of units? Explain. 


Å = (0.04 45 0.09) ($) 2 
| ah nwo SETI 
fL ] Ż | 0.04 te 0.05] ÍL | 


Since each term in The eguation must have the 
Same dimensions, the Constant term (0.04 40.09) must 
be di rnens/onless. TAKS The Eganton Is & Jeneral 


homo geneous Ef uation That s Valid tn ang Syste 
of ants. Yes. 


/. /! 
|. 1.11 The pressure difference, Ap, across a cosity (FL^?T), p the blood density (ML~-3), D 
` partial blockage in an artery (called a stenosis) is the artery diameter, A, the area of the unob- 
approximated by the equation structed artery, and A, the area of the stenosis. 
x uV Ag ^ Ae Determine the dimensions of the constants K, 
Ap = K. pt K, (4: F 1) pV? and K,. Would this equation be valid in any sys- 


tem of units? 
where V is the blood velocity, the blood vis- 


| Apo ky AS + kal 3!) PY” ie 
| qecde fe] OG) T EE 
E] = Ik] Ec*| + [Ku LPC? 


Since each term must have the same dimensions, 

Kj, and K, are dimensionless. Thus, the equation 

[S a general homo geneous €4 uation That would be 
| Valicl (n any Consistent system of units. yess 


T2 
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1.12. Assume that the speed of sound, c, in a fluid depends 
on an elastic modulus, £,, with dimensions FL~?, and the fluid 
density, p, in the forin c = (E,)*(p)’. If this is to be a dimen- 
sionally homogeneous equation, what are the values for a and 
b? [s your result consistent with the standard formula for the 
speed of sound? (See Eq. 1.19.) 


C= (E, )* (2) 


Since = Ley E = Pir a = a pi 


FI [E] [8] E 


ler ^ climensionally homogene ous 2fuation each +erm 
/h The e¢uation Must have The same dimensions. Thus 
the right hand side of £3. (1) must have The dimensions 
of LT". There fre, 


Za+t+rb=o (Lo e //minade F) 
Zb2-l (to satisfy Cond tion on T) 


Z&44b2-| (ts atsty tnditen on L) 
It Je ONT That A=- 2A d bz- 


So That u E, 


The result ls Stai! 1i The stundard Pormula hr the 
Speed ef sound. Yes. 


] - !1 
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1.13 A formula to estimate the volume rate 
of flow, Q, flowing over a dam of length, B, ts 
given by the equation 


Q = 3.09B8H?? 


where H is the depth of the water above the top 


Q- 3o? BH” 
[LT 


T7 


IE 


TE 


of the dam (called the head). This formula gives 


Q in ft/s when B and H are in feet. Is the con- 


stant, 3.09, dimensionless? Would this equation 


be valid if units other than feet and seconds were 
used? 


Bof] [1^ 
[204] [L] ^ 


Since Cach Term in The eguation must have the same 


dimensions The 


COnS tant 304 rust have dimensions 


Lj 
Of L'*T-' and is therefore not dimensionless , No. 


Since the constant has dimensions its value will charge 
with a change in units. No. 


| 4 1.15 Make use of Table 1.3 to express the 
| following quantities in SI units: (a) 10.2 in./min, 
| (b) 4.81 slugs, (c) 3.021b, (d) 73.1 ft/s?, (e) 0.0234 
Ib-s/ft.. 


I] 


| ! = 
(A) /02 A (10,2 fa: ) (2.540x10 = Lame ] 


GOS 


H 


-3 ANUM 
432106 TE = "482 mme 
(b) #8] sluss (4 vj slugs ) (A510 ZE )- 70, 2 ka 
t) 3.02 Ib = (Sox b )( eo I.) 344 


(A) 73,/ ÉÉ = CIES (Borsan 35). 223 ^1 











s+ 
lbs /b- S A3 
(€) 0.0234 = (0. 0234 EZ ) (4.799410 me | 
ft> (c £t ) ( ae 
NV - 
= E 
= /./Z "d. 





1.16 Make use of Table 1.4 to express the 
following quantities in BG units: (a) 14.2 km, 
(b) 8.14 N/m’, (c) 1.61 kg/m', (d) 0.0320 N-m/s, 
(e) 5.67 mm/hr. 


(a) 142 4m = (4 2 x10 zh ( 3281 ff ) E 466 « 10! ft 


() $n E = (8 if =y v (6. 366 x10"? ES zip d 





| "E 
rae 
4 4 -3 Sluss -3 

fed een. 
m > B 

Wear Ltd 

(d) 0.0320 = + (o Ó232O S iae ) (7 376 X 10 E s ) 
N. 
J ar i 
= 2236xlbD : Is 





«3 lh 
€) 5.67 GE = (S47 x10 mh 200% ) " 


Li 


m 
Z §,1/7 x4 rar 
besg nnam es 


1/7 


1.17 Express the following quantities in SI units: (a) 160 acre, 
(b) 15 gallons (U.S.), (c) 240 miles, (d) 79.1 hp, (e) 60.3 °F. 


(a) Ibo acre = (I&o — xit Te - (4. 240 x10 E 
6.37 x 105 m * 


(b) 15 gallons = (is gallons Ie Te ae 





se 55 3 XD. nn? 


Luter 


CC) 240 mi = (240 mi) (5280 25. VELLET Ey 33bx10° (m 





Jt b J y J 
A) ; KA — j|z b 
(d) 9.1 hp = (73.1 hp)(550 x Js = 4) app. S 
and 132 |W Se that 
79.1 hp = 5.90 x10 W 
ce) hs s (bas E -32) = 15.1'C 


s 5A C #2713 uw 238 € 
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1.18 For Table 1.3 verify the conversion re- 
lationships for: (a) area, (b) density, (c) velocity, 
and (d) specific weight. Use the basic conversion | 
relationships: 1 ft = 0.3048 m; 1 lb = 4.4482 N; | 
and 1 slug = 14.594 kg. 


ca) / ft>- (ft Je Sor) an z^. 0.09290 ^n^ 


Thus, multiple ¢t* e: 9,290 E-hL do convert 


fo ma? 
(5) 4 Sag (| slug) a I5 
^ of Zi (| fia (^* n A) F D, 3048) m 


Ra 
zm WIN Tos 


Thus, multi ply slug/ Ft? by 51/59 E+2 do convert 
to RG /m z 


(6) | PE - (| ft \ (0.3049 Z)» 0. 3048 Z 


Thus, multiply ft/s by 3.048 E-l fe convert 
to m. fS. 


l Ap LT CÁ 
(a) | ma^ ia po ) (49902 4 |z 3049)? 5n | 


= 157.1 25 
Thus, multiply /b/f? by LSU Et? fe convert 
to N/m? 


Q 
Q 





d 1.19 For Table 1.4 verify the conversion re- 
lationships for: (a) acceleration, (b) density, 
(c) pressure, and (d) volume flowrate. Use the 
basic conversion relationships: 1 m = 3.2808 ft; 
1 N = 0.22481 Ib; and 1 kg = 0.068521 slug. 


(a) | Z = (1 2% )(3.2808 E js 5.291 = 


Thus, multiply m/s* by 3.28) to Convert 






fo  ft/s?, 
(b besa) slugs dm? ; 
) | ; (1:38 "m? )(0.0 RG E 2908) fL? 
d -3 Slugs 
|. 14o x10 T 
Thus multiply Ry /m? by [440 E-3 to Convert 
to slugs/ £43. 
t 
A... hae 2 )| rm. 
ce) | IUE Sr E (3 2708)" f£ 
-2 | 
= 2.087 X10 ga 
Thus, multiply N/m? 4.084 E-L to teneri 
Lo Ib /ft*. 


(d) ae (| pa 35,3] Re 


Thas, multiply m?/s by 3 53| E+| to Conver È 
to FESS. 
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1.20 Water flows from a large drainage pipe at a rate of 
1200 gal/min. What is this volume rate of flow in (a) m/s, (b) 


liters/min, and (c) ft!/s? 


) 


ga! 


(a) : | 
flowrate = (1220 Tel ) ( 6,3012 xi? ^s 
min 


ET 75 x Ja am^ 
S 


(b) Since / liter = ID m3 
ens | 


tlowrate = ( 757 X /0 tm? Mf t2 liters ) 
5 m? min 


= liters 
E ed ve min 








-1 t3 
(6) Jf anugadse = ( 7.57 x 10 ae" ) (8531 x10 2 
m # 
LE? E 
" AA UE 
—Ó— 





Q 


" WW 
|. d 2 


| 


1.24 An important dimensionless parameter . the Froude number using SI units for V, g, and 
in certain types of fluid flow problems is the Froude l. Explain the significance of the results of these 
. number defined as V/V gl, where V is a velocity, calculations. 


g the acceleration of gravity, and La length. De- 
termine the value of the Froude number for V — 
10 ft/s, g = 32.2 ft/s’, and l = 2 ft. Recalculate 


Ln BG units , 
eo 2. 


rra | (32.2 2 (245) : 


In SL units: 
V «(io £t ) (4 3049 ae 3.05 F 


v 
AY 
UY 





rcx 
Az (2 ££) (0.3048 2): O. b10 m 
Thus 
i V 3 05 Z 





m Ju 


FE Var 200) 


The value of A dimensionless Parameter 
independent of The unit system. 


IS 









1.23 A tank contains 500 kg of a liquid whose specific gravity is 
2. Determine the volume of the liquid in the tank. 





m=eV = S6 Ojo V 


Thus, 
V= m/ (56 Ppp) = 500k nta) 


0,250 m? 














l24 


Í | = | 
1.24 Clouds can weigh thousands of pounds due to their 
liquid water content. Often this content is measured in grams | We E 
— 7 per cubic meter (g/m°). Assume that a cumulus cloud occupies += ~ 
|. a volume of one cubic kilometer, and its liquid water content [4-551 17 
is 0.2 g/m’. (a) What is the volume of this cloud in cubic | 
— —--- miles? (b) How much does the water in the cloud weigh in ALLLIILLLLELLIJ 
pounds? | | 












HE 


: "tar n Lio =i 


UY A m) - [fz x10" N 


| 


Ca. 24 xp A) = EE "Ib 








| Bali naa 
tius x Jo 
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1.25 A tank of oil has a mass of 25 slugs. 


(a) Determine its weight in pounds and in new- 
tons at the earth’s surface. (b) What would be its 
7t mass (in slugs) and its weight (in pounds) if lo- 
' cated on the moon’s surface where the gravita- 
tional attraction is approximately one-sixth that 
| at the earth's surface? 


(a) weight " Mass K I 


(25 slugs | ( 32.2 £)= 805 £ 


(25 slugs ) (14.59 ÉE ) (7.8! 2)" 3580 


J 


1l 


( 5) Mass = aS slugs (mass does not depend e 
gravitational attraction ) 


Weight s (25 slugs y p &) = /34 lh 
aie Sn Lá 


| 1.26 A certain object weighs 300 N at the earth’s surface. 


Determine the mass of the object (in kilograms) and its weight 
(in newtons) when located on a planet with an acceleration of 
gravity equal to 4.0 ft/s?. 


weight 
mass = 2 





300 N = 30.6 kg 
7) 4% === 


Fpp 4 2.) Be ft/s> 
(30.6 ka \ (402) (0.3048 Z ) 
323 W 


weight 

















H 
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1.27 The density of a certain type of jet fuel 
is 775 kg/m?. Determine its specific gravity and 
specific weight. 


| - & 
P Lo 775 =, " 
H0 rm 
y! — a kN 
y= pq = (775 2E )( tl ™)= 760 55 


l- 23. 
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1.28 A hydrometer is used to measure the specific gravity of liq- 
uids. (See Video V2.8.) For a certain liquid a hydrometer read- 
ing indicates a specific gravity of 1.15. What is the liquid's den- 
sity and specific weight? Express your answer in SI units. 
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L2Q An open, rigid-walled, cylindrical tank contains 4 ft? 
of water at 40 °F. Over a 24-hour period of time the water 
temperature varies from 40 °F to 90 °F. Make use of the data 
in Appendix B to determine how much the volume of water will 
change. For a tank diameter of 2 ft, would the corresponding 
change in water depth be very noticeable? Explain. 


mass of water = Y nf 
tJheve + bs Tne volume and / The densita. Jince The 
mass must remain Constant Qs The tem perature e hanges 


(TET ^ 


B. = Slugs 
From Table i TER /. 140 Ta 
S lags 
fhao © wp uad EE 
Therefore, from £4. 0) al 
Jr * (4.453 (], Fp Aw) — MLC ft? 


f [$3] =f, 
Thus, The sacvease (m volume 6s p 
4 pjgl — 000-7 CO 01 £6 FE 

The Change ih wider deh, AL, ú VL it 
Ap = 4Y | oo tt 


area T ed 


This Small change 14 de pm would not be very 
hoticeable. No. 


-3 
= 5.42xlb L= 0.07/01n, 


Note ; 4 slightly d.tterent value for AL will be obtain en 
tf Specific weight of water Is used rather Than density. 
This 13 due to The fact That there i some ancerfmhts 


in” The fourth Significant Figure of These two Values y, ond 
fhe solution +3 Sensitive to This uncertainty. 
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1.31 A mountain climber's oxygen tank contains 1 lb of oxygen 
when he begins his trip at sea level where the acceleration of grav- 
ity is 32.174 ft/s?. What is the weight of the oxygen in the tank 
when he reaches to top of Mt. Everest where the acceleration of 
gravity is 32.082 ft/s*? Assume that no oxygen has been removed 
from the tank; it will be used on the descent portion of the climb. 


W= mg 


Let ( ),, denote sea level and ( )y,. denote the top of Mt. Everest 
T hys, 


Wi = [lb = Mei 1 and 


Ware = hme Fme 


However fes Myje so thal since m = v j 





n = Wa At = Wue 
or 


_ me _ 32,082 tt/s* _ h 
W, W, = [lb 32.174 H/s- ~ 0.4971 ID 
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1.32 The information on a can of pop indicates that the can 

. contains 355 mL. The mass of a full can of pop is 0.369 kg 
while an empty can weighs 0.153 N. Determine the specific 
weight, density, and specific gravity of the pop and compare 
your results with the corresponding values for water at 20 *C. 
Express your results in SI units. 


| Meiskh of Flui CI) 
dn Volume ef Fluid 


total weit = massx g = (0.36f44)(981% ) = 2b2W 

weight eof can= OJS3N 

Volume of Fluid = (255x107 L) (072) = 51b m 

Thus, trom Eg. (1) | 
242M = 0/53M 2775 X 


Jes 3 = m 2 


S55 X10 -m 














Puy. mel ea 20°C (see Taha BZ m Append B) 
& QS . P 42 . - 
Li. ma j fe y EL a 5 Sa oom 
A Comparison of These Values pr watey with Those 
for The pop shows That The pecie Weight, 


density, 4nd Pecihi gravity of The pop are all 
Slightly Jower Than The Corresponding Values tor water 
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"1.32 The variation in the density of water, p, with tem- 
perature, T, in the range 20°C < T s 50°C, is given in the 
following table. 


Density (kg/m?) 997.1 | 995.7 






Temperature (°C) 50 


Use these data to determine an empirical equation of the form 
p = €i + cT + c4T? which can be used to predict the density 
over the range indicated. Compare the predicted values with the 
data given. What is the density of water at 42.1 °C? 


Fit The data to a seconw order Pelynomia! 
ASIn gas landara Curve-Ft; HAG POJAM such 
Qs found in EXCEL, Thuas, 


p = 120l - 0.05327. ~ 0.004%) T? 01) 


As shown m the table below , P (prede ted ) 
trom £p 1s sù Ged Agreement with P (9n). 


TE P, Kg/m^3 — p, Predicted 
20 


998.2 998.3 
25 997.1 997.1 
30 995.7 995.7 
35 994.1 994.1 
40 992.2 992.3 
45 990.2 990.3 
SO 988.1 988.1 


Ad TFs 21°C . f 
a 4. 
aat = notus (42.*c) - 6.0091 (21+) = 1415 53 
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1.3% If 1 cup of cream having a density of 1005 kg/m’ is turned 
into 3 cups of whipped cream, determine the specific gravity 
and specific weight of the whipped cream. 


lob eve y^ l volume. 


(YY) = AYY : 
Sin ce Crégm Whi ppea 
C ream 


^W whipped 
Pioni 2 PL... NN (loos 


c Yea m -— 


3 cups 


ka 
= Oe ae 32 
3 


E 335 Ê 


Vs ) 


Mass ef ceam, m = (/ oor 26 ) 4 


at Fens 
Vs Cups 
ke 
/m 3 
D NES 


& G - CY'ea rm IL 


— - ~e 


fo e Te = 


LE 
= 3240 ~ 
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1.36 


1.36 Detennine the mass of air in a 2 m? tank if the air is at room 


temperature, 20 °C, and the absolute pressure within the tank is 
200 kPa (abs). 


m -oV where V =2 m? and 


Q*p/RT with T= 20°C = (20*273)K» 293 K 
and f = 200 kPq = 200x10 M, 


T hys, 
3 N 2 N:m 
Q = (200x10 a | (2-861 xic kg k)(293 K) | 
= 2,39 $1 
m 
Hence, 


m =e = 2,38 45 (2m°) - 4. 76 ka 


|-2q 


1.37 Nitrogen is compressed to a density of 
4 kg/m? under an absolute pressure of 400 kPa. 
Determine the temperature in degrees Celsius. 


J WV 
P Yoox |0 La 


PR "m Z 
(^ en aa 


— 
[o — 


& fe TUJ = SGT -ATI "oW 


[ES 


1.38 The temperature and pressure at the surface of Mars 
during a Martian spring day were determined to be —50 ?C and 
900 Pa, respectively. (a) Determine the density of the Martian 
atmosphere for these conditions if the gas constant for the 
Martian atmosphere is assumed to be equivalent to that of 
carbon dioxide. (b) Compare the answer from part (a) with the 
density of the earth's atmosphere during a spring day when the 
temperature is 18 °C and the pressure 101.6 kPa (abs). 


an , l p : 900 — E 
Mars RT C m) | (-50°c+ 273) 


3 N 
(P MET PERI e 
min RT ins 7 K lg'c +273) k| 


kg 
mar: S PEE x3 = 0,0195 = 


earth |.22 £g 
m? 





fm * 














|, n5*/ 
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1.34 A closed tank having a volume of 2 ft? is filled with 
0.30 lb of a gas. A pressure gage attached to the tank reads 12 
psi when the gas temperature is 80 °F. There is some question 
| as to whether the gas in the tank is oxygen or helium. Which 
do you think it is? Explain how you arrived at your answer. 





Density of Gas in tank P= weight 2308 


2 X volume , (422 f 4215) 423) 


~3 
Slugs 


Since ; z TA p= (12+ 147) psi 


ro 
( atmospheneé pressure assumed fo be & IV] psia ) 
ded wha T= Caer ulo) R 4 Alfons: thet 


Ib 
_ (2 26.7 În > Q0 2) 4. lZ slugs 
Pg. (540R) ^ #t* 


From Table 17 R=/ Sk x 10” for oxygen 


Gua R= /.242 XIp* TS =o for helium. 
Slug ' 


from Eg. (1) 1# The GaS is Oxygen 


. 7/2 slugs 73 a) 
MN ES, = HAESX |) SUB 
d /A55"xl3 AŽ Á ft 3 


gaa ter helium 





~¥ 
a M = 573 X10 dits 
d m Sft 
1242 X10 


A Companser of These Values 4t TÀ "e Atiu dens jy 
of The 4745 In The tank sna cates Phat Fhe 


aS ast be OF ygen. 
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1.40 A compressed air tank contains 5 kg of 
air at a temperature of 80 °C. A gage on the tank 
reads 300 kPa. Determine the volume of the tank. 


ONASS 
f 3 
^N 
P, _ (Boor 101) *10 us 


volume = 
je Ro. ett) fe au d 
( 4865.4 D )[(*o'c + 213)k] 


5 €4 


volume = ——————— 
24, ff 
m > 


Lat sn? 





at 


P A rigid tank contains air at a pressure of 90 psia and 
a temperature of 60 ^F. By how much will the pressure increase 
as the temperature is increased to 110 °F? 


| 

| 
Lp I RTI 

| 

| 


Fer a rigid closed hake The alr Mass andl 
Volume are constant Jo p= Constant. Tess, 


| 


rom Eg. fe £ (sita i R sonstont) 


Ces. /, 8) 








—-LIL-—————4 








a S | | [m 
| mie EL | " 
LJ here p= $0 psia. a4 eee F 4 Lp T S20 E 


| 
aud | 4 = 0 "Fen ir STOR. From £y. C) 














75 feret) ( fo psa) = 78. 78.) psia 


1-32 


FES | 
1.42 The helium-filled blimp shown in Fig. P1.42 is used at var- 


ious athletic events. Deterinine the number of pounds of helium 
within it if its volume is 68,000 ft? and the temperature and pres- 
sure are 80 °F and 14.2 psia, respectively. 





W - VV. where V- 68,0001 and «Q9 - (p/RT)o 


Thos, 

y= [ MER = [e (1975 bua x10" er )( 80+ 40) 'R) | (32. 2 E) 
= 9,82x]|0 ani ( | Ib/ (slvg f! /s?)) = 9,82 x10 at. 

Hence, 


y = $2 xi0 97, (Egov) = 668 Ib 
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1/73 


—-— of an ideal gas when the gas pressure in pascals (abs), the tem- 
perature in degrees Celsius, and the gas constant in J/kg - K are 
specified. Plot the density of helium as a function of temperature 

H . from 0 °C to 200 °C and pressures of 50, 100, 150, and 200 kPa 
(abs). 


| 
DE - am *1.43 Develop a computer program for calculating the density 


| 


SANTA 
FECHA H 





3 where | ras absolute pressure , R the qas gas Cons Asiaa. and v | 
SS eee’ pb esta temperature. Thus, t# The The tempe Fa ture 


F /s 4A Pe Then — HIH | | 
TEE HL er PE + 27154 HA 


ELE ^ _spreadshee EXCEL Pragam for caleu lating P follows . 


| | | | | 





































| |This program calculates the density of an ideal gas 
when the absolute pressure in Pascals, the temperature 

in degrees C, and the gas constant in J/kg-K are specified. 
|. |To use, replace current values with desired values of 


temperature, pressure, and gas constant. 





kg/m? 


Density, | J ——— | 








l| | -— 
| T f 
i I 


rapla: B laddie HE PE Ig Zoo ,& p. ci mai T 


SPHBHLCT ME, ym: R= 287 fet eau 


AI oH d 














p p eo PERPE HHTHH: 


(con't) 


The density of helivm js plotted inthe graph below. 


Density of Helium 


kg/m? 
f = 200 kPa (abs) 
= 150 
= [00 


= 50 





1.40 


1.45 For flowing water, what is 


the magnitude of the velocity gra- 


dient needed to produce a shear stress of 1.0 N/m?? 


M's 


where M =/,/2 Ko LÀ and ETE 


— 412x103 Wa 





Lo % 


= $93 z 


1.46 Make use of the data in Appendix B to determine the 
dynamic viscosity of glycerin at 85 °F. Express your answer in 


both SI and BG units. 


7 EA -34 ) = 


= (PS°F-32) = 2$ 5c 


From Fig El in A ppendix B: 
Va [omnl ef PEF Pale; A Gt mA ( sr units ) 


ft (06 o 


Dia ER 
$2) 089 x10 UR ) 3x10" ES 5° (BG emit) 
Nes. — tae, 


fm * 


]- 36 


/. #7 





1.4] One type of capillary-tube viscometer is shown in 
Video V1.5 and in Fig. P14). For this device the liquid to Glass 

be tested is drawn into the tube to a level above the top strengthening 
etched line. The time is then obtained for the liquid to drain enc 

to the bottom etched line. The kinematic viscosity, v, in m/s 
is then obtained from the equation v — KR*t where K is a 
constant, R is the radius of the capillary tube in mm, and ¢ 
is the drain time in seconds. When glycerin at 20? C is used 
as a calibration fluid in a particular viscometer the drain time 
is 1,430 s. When a liquid having a density of 970 kg/m" is 
tested in the same viscometer the drain time is 900 s. What 
is the dynamic viscosity of this liquid? 


Etched lines 


V= KRE m FIGURE P1.4 
For glycerin @ 20°C V= L19410 m 
aa 11$ x10 ant f, = (k RN 430 s) 
Eg 8.32x)0 m 7 
For unKnown li gard with t= 700s 


y= Taed ae) (900 5) 
> 749 x1 t m*/s 


5 

- (970 kafa) (1.93 x10 mè 

= 0.727 BE = 0,727 X 
(M:S 


ym * 


Since 


$ 
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1.46 The viscosity of a soft drink was determined by using 
a capillary tube viscometer similar to that shown in Fig. P1.47 
and Video V1.5. For this device the kinematic viscosity, v, is 
directly proportional to the time, ¢, that it takes for a given 
amount of liquid to flow through a small capillary tube. That 
is, v = Kt. The following data were obtained from regular pop 
and diet pop. The corresponding measured specific gravities - 
are also given. Based on these data, by what percent is the 
absolute viscosity, 4 of regular pop greater than that of diet 


| 

| 

: pop? 

Regular pop Diet pop 
3 t(s) 377.8 300.3 
Li 


SG 1.044 1.003 





E ellus | Pat, 
ss 


| be vp, A ted ps Calas» 0 ye 


ih gt tes 





x loo 





BEREEE NEN za enses: — [| x 100 
Et vee prp SL dg 
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1.49 Determine the ratio of the dynamic vis- 
cosity of water to air at a temperature of 60 °C. 
Compare this value with the corresponding ratio 
of kinematic viscosities. Assume the air is at stan- 
dard atmospheric pressure. 


From fable B2 mA ppendix B: 


— —Á 


-7 2 
(fon water at bo'c) LE = 4465 a10 MS ,42/74795x]o 2 
/m* ) 


From lable 8.4 in Appendix B: : 
- - an 
(Lr am at 60°C) — p LfIXID KS ; V=lsbxlo TT 








2 ) S 
Thus, " 
Mmo = #4 665 x10 " 43,7 
FK an /,27x105 
-7 
Vino = he 2 = 255x107 
ir /. 8b X10 mi 


ha 


Master Typing Sheet 
10% Reduction 
8 1/2 x ll trim size 





1.80 The viscosity of a certain fluid is 5 x 
10-* poise. Determine its viscosity in both SI and 





BG units. 
Wii | arie : | 
ma Frem A pend, x Ese EN = | poise, Thus, 
à " | : 2 í 
Pod (5 x10 "boise ).( 10~’ Az = PAIT” ws 
++ Poise Se le 


and Frem Table L^" 





-5 Ns [+5 ui i 
fe = (5x10 LZ) (a OP4x10 “gen = /0.4% (0 
NMS 
ILI, "m> 
um R —— = = e 
H | 
/ 51 ti | | 
| 1.5{ The kinematic viscosity of oxygen at 20 °C 
| . - and a pressure of 150 kPa (abs) is 0.104 stokes. 
| Detennine the dynamic viscosity of oxygen at this 
| temperature and pressure. 
f = YP 4 
3 
A ASOK ir y 
(= BF A 





E — A 
HH E 7 pipere ep a m3 


V=: O./ó4 stokes = 0./0% — 





pa = (esos BÈ (t y (un 1) 
N 


I 
ahs 
J 
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.*[.52 Fluids for which the shearing stress, 7, is not linearly —————- 
FE related to the rate of shearing strain, y, are designated as non- —™S 
| nam Newtonian fluids. Such fluids are commonplace and can exhibit 
unusual behavior as shown in Video V1.6. Some experimental 
data obtained for a particular non-Newtonian fluid at 80 *F are 
shown below. 





pur r(Ib/ft?) 0 | oh | 7.82 | 18.5 | 31.7 | 

| y(s') | 0 | 50 100 150 200 
Plot these data and fit a second-order polynomial to the data using 
_ a suitable graphing program. What is the apparent viscosity of 
|. this fluid when the rate of shearing strain is 70 s~'? Is this. 


apparent viscosity larger or smaller than that for water at the 
Same temperature? 


Rate of Shearing 


shearing stress, EL Mu ee | 
Strain, 1/s !b/sq ft 40 -= 0.0008 7 00353 


0 0 


———— + s — 





, Ib/sq ft 





í 50 2.11 30 
100 7.82 $ 20 
150 18.5 a 
200 31.7 g 10 
E 0 ds 7 1 | 
@ | 
^ © 50 100 150 200 250 


U—— compe d 












Rom ‘the graph E 0. 0008182 4 0.0035 =o 


dà the shearing 5 YESS 4B. b/s and Y ts The rate | 
Shearing s train | 








i 
| 





a aan quur 
PA A a 
| wx )ms us 0.0085 2 


— — Í a o 


-5 bos 


unknown "Ah - Ne id EA id p 





| 
| 


(onn + 0-0035 eee 


| n | : R Py @sorF = 4] x lb dut, 
E ien fluid. This Va the ts 


H 





| 
| 
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.53 Water flows near a flat surface and some measure- 

ments of the water velocity, u, parallel tothe surface, at different ^ | . | | 

— heights, y, above the surface are obtained. At the surface y = 0. | 
|| After an analysis of the data, the lab technician reports that the | = | 


Ie hs | 2214 


ae —— velocity distribution in the range 0 € y < 0.1 ft is given by 
aii | | | | the equation : | 
-L-EEHLH u = 0.81  92y + 4.1 x 10 

^ rrr with uin ft/s when y is in ft. (a) Do you think that this equation 
——-—-|--- would be valid in any system of units? Explain. (b) Do you 


> | 1 think this equation is correct? Explain. You may want to look L. 
TTL € Video 147 to help you aw at NT answer. $3.3 


| uem cH HA eL 
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1.5 Calculate the Reynolds numbers for the flow of water 
and for air through a 4-mm-diameter tube, if the mean velocity 
.. 153 m/s and the temperature is 30 °C in both cases (see Example 
1.4). Assume the air is at standard atmospheric pressure. 


Fer water at FATE (trom lable 8,2 sa Appendix B): 













































































| y - M. 
ET P= FGT E ys = 7.975 x10 . ae 
UN Pan FVD (9957 ÉL) (3 €) (0.004 m) T 
/ 742758 x10 * INS ; 
(à (mae 
Fer air at Jo't ( from Table D. in A.ppendix B): 
d Ag x. SF Nis 
ee LIGE —3 yes /. $6 x10 c 
. 4& m 
pis? VD _ (1168 TA)(3' F) (204m) m 
J Lyn MS 
m * 
| | 
+— nenea — ot 
tj Hathi 
En 
| H ines nen mE Tt 
TH | 
+ TE OAT e 
jn | x H 
EL E-HIbSRIEDE eeu an saee ae 








Q 
C 


tem 


M j 


1.55 Forair at standard atmospheric pressure 
the values of the constants that appear in the 
Sutherland equation (Eq. 1.10)are C = 1.458 x 
10-¢ kg/(m:s-K'?) and S = 110.4 K. Use these: 
values to predict the viscosity of air at 10 °C and 
. 90 °C and compare with values given in Table B.4 


in Appendix B. 
3 > 3 
T C.F, [1.459 x10 s,s um vul 
Va Fle ae geom m LT ms Kk 
| T4S —_ 
T+ lio.4 K 


For T= /0°C = l0°C + ATZRIS = 28315 k, 


i 8/ 
(1.459 x10 )(483,16K) ^ 
P AS3Z ISK + 110,l. 





From lable ipo, ren TG xn Wes 


For T= FOrC 9 TC 475 = 368. IS K 


" A 
_ (1.458 xi 35a 154) ^ 
/ 363.9 K + 110.4 





From Table B. S Va -4hnhxjp? Ns 


fm > 


= 1.765% |p” Nes 
L 


AIM 


2d 
= 2,/32XK/0 M5 
An * 


1.56* Use the values of viscosity of air given 
in Table B.4 at temperatures of 0, 20, 40, 60, 80, 
and 100 °C to determine the constants C and S 
which appear in the Sutherland equation (Eq. 
1.10). Compare your results with the values given 
in Problem 1. 55. ( Hint: Rewrite the equation in 


the form 
qu 1 S 
—=(-=|T+= 
H (2) C 


and plot T°?/u versus T. From the slope and in- 
tercept of this curve C and S can be obtained.) 


Equation /. lo n be written in The form 


ld )T* C 
C J 
qnd with The Jata Drot ladle BY: 


T^) T6) —— Anl DA [E V afe] 


O A73. 15 LTU x107? 2.640<10° 
cio A13. 16 / 82 x10 id 2.258 x 19° 
sd $63 £108 
Yo 313.15 187x10 8. 
60 333, /5 LITA? 3.087 x 10 I 
& O 353.15 A0 T X /0 3. 4206x/0 


- 8 
/00 373.15 217210 > 3.322 X IO 





A plok od EA Vs. T /S Shown below: 
25x10" 




















uaa 
| AC EEH Hi 
suis LLLULCETEETIHI-LIELLIELLILLL ILL 


(| 








Eu ET i 








3 EGERESER EUER m Hum t HEHHE 












wy, 30x E 


oo 
SESSs Ree see LLLTILELIIOM | a HEEE I2 

Hirn ERES UENT pn: tipi: 
BHHEHIHRHIGHRIMGHI IE GE Hu cHOIep pene pul 
P A EEEE ec oe 
E eka eee 

HAEE P AOE EEEE QUE RUE 


HHHH THERETO 


ow o d i pgop died 


cuo 280 320 gor 






T(X&) 





(cont). 
[- 45 





(Con't) 


Syed The data plot GS qn approximate straight line, 


Eg. (l) mn be re presen ted by Qh € qua OW of The 
form 


Y= ox +a 
3 
where Yu TA , XT, bo Yo, ana an S/C 


Ft the data To a. hin Car e uation USING a. 


Standard eurve~ftiHing program Such as found 
In EXCEL. Thus, 


g= b.?b9xX Ib & i uu] x 1b. 


and 

Tibe 6.464 x 10> 

ay 3 4 

So That Cs L3 xlo ki Nims i^ 
and Mane oe 

S am = 7 44/ X I0 

C 
and Therefore 


SS 2157 K 





These values hir C And 5 ave In good agreement 
w/]A values given in Problem 455 | 
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1.57 . The viscosity of a f luid vm a very etant pos in 
determining how a fluid flows. (See Vidco V1. 3) The value of 
the viscosity depends not only on the specific fluid but also on 
the fluid temperature. Some experiments show that when a 
liquid, under the action of a constant driving pressure, is forced 
with a low velocity, V, through a small horizontal tube, the 
velocity is given by the equation V = K/,t. In this equation K 
is a constant for a given tube and pressure, and y is the dynamic 
viscosity. For a particular liquid of interest, the viscosity is given 
by Andrade's equation (Eq. 1.11) with D = 5 x 1077 lb: s/ft’ 
andB = 4000 °R. By what percentage will the velocity increase 
as the liquid temperature is increased from 40 °F to 100 °F? 








Assume all other factors remain constant. 


[T] | | | | 
ENS dle IX nt — Nue? "(d 3 
| g increase In rr —— |« 100 


J | | 


and. anes EF. aea 


CI oe TTE i MUN ts KJ Pio — p T 


| k [Pw Up” | 
a bait ut 


db HERE 


z TARN 


gg = BA Es 1 [Unter 


ETT i TEEI | I LR 5 X. [0 urea Co^ Ft 460) | 








EUM 


(3) 


a. 


Nea 
Nan 


"1 J 
NS 
hs 


*1.58 Use the value of the viscosity of water 


given in Table B.2 at temperatures of 0, 20, 40, 
60, 80, and 100 *C to determine the constants D 

: and B which appear in Andrade's equation (Eq. 
1.11). Calculate the value of the viscosity at 50 °C 
and compare with the value given in Table B.2. 
(Hint: Rewrite the equation in the form 


l 
In y = (B) 7 + in D 


and plot in 4 versus 1/7. From the slope and 
intercept of this curve B and D can be obtained. 
If a nonlinear curve fitting program is available 
the constants can be obtained directly from Eq. 
1.11 without rewriting the equation.) 


€ gua don «ll Gan Se written yn The form 


- (B) T 7 In D 
2A with The deta “rem Table B.2 ~ 





T(«) TIR) I/ T (i) L 2277, In FK 

O 27315 2 L6/ x10” |. 727 x10"? xe $07 

LO 293 n 3 4 X107 /.002 x10 —£.906 

4o 273.75: 2,163 x10 6.529 Xf - 7.334 

60 333/5 bazda" moase FT. We 

fo 853.15 2.032 4107 354740" =~ 7.444 
{00 373,15 A. 686 £07 4.818 x10. - 8.174 

A plot of /^ p mS Um ub chan below: 
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2 E :H 
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(Cen't ) 


Since The deta plot ds an approxim ate Strargyt 
line | E g. (1) Can be used to represent these data. 
7o obtuin DB ana D, L+ The date to an 
Ox ponentia/ bi manis of the form Y= a e 
Such as fund Iñ EXCEL. 


bx 


Thus, i 
ouam i Ti sjo. IET a^ 
and 3 
SO That /8 70 
= 


-é 
ps L747 Ki Z 

At 50°C (323./5), 
[o UNT xj ^ e 9379 = 536x)/  vsf/mt 


From Table B2, p= E PAXID Hos fo 


1.59 


For a parallel plate arrangement of the 


type shown in Fig. 1.5it is found that when the 
distance between plates is 2 mm, a shearing stress 
of 150 Pa develops at the upper plate when it is 
pulled at a velocity of 1 m/s. Determine the vis- 
cosity of the fluid between the plates. Express 
your answer in SI units. 





BEN 
^ 
E T = /50 An 
(5) /$ 
O, O04 


j- £0 


/,60 


1.60 Two flat plates are oriented parallel above a fixed lower plate —— 
as shown in Fig. P1.60. The top plate, located a distance b above E 
the fixed plate, is pulled along with speed V. The other thin plate 
is located a distance cb, where O < c < 1, above the fixed plate. b 
This plate moves with speed V4, which is determined by the vis- 
cous shear forces imposed on it by the fluids on its top and bot- 
tom. The fluid on the top is twice as viscous as that on the bot- 
tom. Plot the ratio V,/V as a function of c for 0 «€ c « 1. 

WE FIGURE P1.60 


For constant speed, V, of the middle plate, the net force 
on the plate is 0. Hence, 7" = Frotlom, Where F= TA. 


Thus, the shear stress on the top and bottom ot the plate 
must be equal. 


au 
Cap 7 Cb oHtom Where EM dy ” 


For the bottom fluid au = X, while for the top fluid dt , 0-8 
Hence, from Eqn. " 

















(244) aw v) - uu 2s Which can be written as: 
26V-2ch * V. - cM m E 
or n 
V. 2c wb o e 
JV. Pian EE, a 
V ctl V = 
Note: It c=0, 3 «0 06 - "T 
v _2 
If c*£, r3 -- 











0.4 - = — | 
Ifc=l, y = | | 
0.2 4 — i | 
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1.61 There are many fluids that exhibit non-Newtonian behavior 
(see, for example, Video V1.6). For a given fluid the distinction 
between Newtonian and non-Newtonian behavior is usually based 
On measurements of shear stress and rate of shearing Strain. As- 
sume that the viscosity of blood is to be determined by measure- 
ments of shear stress, 7, and rate of shearing strain, du/dy, ob- 
tained from a small blood sample tested in a suitable viscometer. 
Based on the data given below determine if the blood is a New- 
tonian or non-Newtonian fluid. Explain how you arrived at your 
answer. 


(N/m?) | 0.04 | 0.06 0.12 — | 0.30 | 0.52 | 1.12 | mele 
du/dy (s) | 2.25 | 4.50 | 11.251 22.5 | 450 1 90.0 | 225 | 450 


For a Newtonan Fluid the ratio of T b du/d« "s a 
Constant. For The dala græn ` 


f 
( M. s /m2) 0. 0178 | 0.0133 |0. 0/07 | 0.0080 | 0.0067 | 0.0058 0.0050 | 0.00%] 
du fds | | | 


The ratio /5 not a Constant but decreases a5 the rate of shearing 


Strain smereeses. Thus This Fluid (Ald) 45 & pen-Wedtomen Fl urd. 
A plot ot the data £4 Shown below. For a Newtonian Tluid The 
Curve would be a straight line with a slope of I to l. 
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Note: T =u 44) , Where a=! for a Newtonian fluid. 
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1.62 


1.62 The sled shown in Fig. P1.62 slides along on a thin 
horizontal layer of water between the ice and the runners. The 
horizontal force that the water puts on the runners is equal to 
1.2 lb when the sled's speed is 50 ft/s. The total area of both 
runners in contact with the water is 0.08 ft’, and the viscosity 
of the water is 3.5 x 107*Ib s/ft?, Determine the thickness of 
the water layer under the runners. Assume a linear velocity 
distribution in the water layer. 





BFIGURE P1.62 


F 
» dv _ V where el = thideness of Ware r layty 
T a dy d i 





VA (asx? Jes (sp f i 0.09 £4) 
d ~ E zi 


= Hen 4 
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1.63  A25-mm-diameter shaft is pulled through 
a cylindrical bearing as shown in Fig. P1.63 The 
lubricant that fills the 0.3-mm gap between the —————— SS 

shaft and bearing is an oil having a kinematic Yok! T Shaft LL ——- 
viscosity of 8.0 x 10^! m?/s and a specific gravity 

of 0.91. Determine the force P required to pull SOIT Ge 

the shaft at a velocity of 3 m/s. Assume the ve- E Ih. 


locity distribution in the gap is linear. 
[— —— 0.5 m————4 
FIGURE P1.53 


Bearing Lubricant 
ZA n 


~ 


Thus 
Pz TA 
where A = mO X [shaft length in bearing ) X m DÁ 
and (velocity of shaft) V 
RP ( Jap widm) Fa $ 
5o That 


p= (^ $) noA) 
Since VP TE SEA, 6 yer p 


P= (anu 2 Moa «10 A MSS) tai Yol 


( O. 000 37m ) 


= Agel WN 
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1.644 A 10-kg block slides down a smooth in- 
clined surface as shown in Fig. P1.6. Deterinine 
the terminal velocity of the block if the 0.1-mm 
gap between the block and the surface contains 
SAE 30 oil at 60 °F. Assume the velocity distri- 
bution in the gap is linear, and the area of the 
block in contact with the oil is 0.1 m?. 





FIGURE P1.64 


Y y 
P = O e ye 
Thus, L io 
W sin 20^ = TA T". : 


Since 


T= /^ Y ,where b ıs film thickness, 


W sin loos pYA 


Thus, (wh wW=mg) 


b W sin 20° _ (0.000lm (io ha )ftl e de 10°) 


V = 
p (0.38 5 o. | om?) 








"dn hm 
= D.OZEF3 EJ 
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1.65 A layer of water flows down an inclined 
fixed surface with the velocity profile shown in 
Fig. P1.65. Determine the magnitude and direc- 
tion of the shearing stress that the water exerts 
on the fixed surface for U = 2 m/s and k = 
0.1 m. 










- wA 

o 

SS => 
LA = 





lE dy FIGURE P1.65 
du . 2-2") 
da ` ul = p 
Thus, at the tixed surface (40) 
eA.) . «xU 
du 4=0 h 
jo That 
T. 





A(*£ ) - (rae? ts a) 5E 


4, 49 x Jae = re acting 14 direction of Flow 


| - 56 
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1.66 Standard air flows past a flat surface and (a) Assume the velocity distribution is of the form 
velocity measurements near the surface indicate y= Crt Cw 


the following distribution: . l 

y (ft) | 0.005 | 0.01 | 0.02 | 0.04 | 0.06 | 0.08 and use a standard curve-fitting technique to de- 
termine the constants C, and C;. (b) Make use 

u (ft/s) 10.74 1 1.511 3.03 | 6.37 | 10.21 | 14.43 of the results of part (a) to determine the mag- 

The coordinate y is measured normal to the sur- nitude of the shearing stress at the wall (y — 0) 

face and u is the velocity parallel to the surface. and at y = 0.05 ft. 









(a) Use nonlinear regression Program 
to obtain Coeficients C, ane Ca. The Program produces 
least Squares estimates of The parameters of a nonlinear 
Model. For the data Given, 


= -4 — 
C= /53 S ma G+ 4350 ft s 


/ 








(4) Since, 


it tolbws That 
[ «A ( C, t 5c, y?) 


This, at The wall ( 4o) 


A C= (ateri 5 )(/533) = $2? 2. 





At Y= 0.05 tt i 
4 (3-1 E 773 |/53 d + 3 (4350 = Noose) | 


-& Ib 
= 6.94% X10 — gh 


Lag? 
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1.67 A new computer drive is proposed to have a disc, as shown 
in Fig. P1.67. The disc is to rotate at 10,000 rpm, and the reader 
head is to be positioned 0.0005 in. above the surface of the disc. 
Estimate the shearing force on the reader head as result of the air 
between the disc and the head. 





Stationary reader head 0.2-in.dia. 
- P 









10,000 rpm 


+ 0.0005 in. 
HÉ—— 2 in. ——* 


Rotating disc 


m FIGURE P157 


= shear force on head =A, where, if the velocity protile 
in de. gap between the disc and head Is linear and Unit orm 
across the head, then 


du U 
Us fh gy =A , where 
È rev min) / 27 rad 
Uu R= 1900057 aIl a (9) i62 


min 
Thus, E 
-7 lbs\ 175 — N Ib 
T -(274x16 GET =/S7 Tio 
so that 


Ba TP mST 2 L (LZH? = 3.43%10 lb 





1-58 


1.63 |. 


Fixed 
outer 
cylinder 





1.68 The space between two 6-in.-long concentric cylinders is 
filled with glycerin (viscosity = 8.5 x 107°? Ib  s/f?). The inner 
cylinder has a radius of 3 in. and the gap width between cylinders 
is 0.1 in. Determine the torque and the power required to rotate 
the inner cylinder at 180 rev/min. The outer cylinder is fixed. As- VINE 
sume the velocity distribution in the gap to be linear. Rotating 
inner 
cylinder 


^" 


Torque, dT, due to shearing stress 
on Inner cylinder 15 eg ual Jo 


d T= PR TAA 
where dA=(R. do). Thus, 


dT: F4 Tab 
Gnd torgue reguired to rotate 


inner cylinder T; 


Je rêA rf e= arr AT cop Vet 
( 4 ~ cylinder length ) 


For a linear velocity distribution in the gap 





T = g JÖ that 
^ ER. 
7r . an RL A 
i f e R; 
/ nj. rad 
ama wi oo (iso 55% or red) Feat )a or tet 
Then 3 a bus f Kad | 
3 6 sxjo 22 (erT v 
y, ar (R(t lesa i Nor #) Enea 





i" - f£) 


Since power = Txt «cd dWellews That 


power = (0.944 fil) (67 rad) = /78 as 
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1.69 A pivot bearing used on the shaft of an electrical instrument 
is shown in Fig. P1.69. An oil with a viscosity of u = 0.010 1b. s/ft? 
fills the 0.001-in. gap between the rotating shaft and the station- 
ary base. Determine the frictional torque on the shaft when it ro- 
tates at 5,000 rpm. 


lei dv =z torgue on area element df, 
where df = 27r dk = 27r dr /sinB 
Thus, 


dire r dF ^ rt dh where T-I ME 


c | > 5,000 rpm 
ett ^Y E Pah EIS 
t ei p D UA JA Mts 
Vene OC P 
Ud fal 
d ry / TUM V 
yd 


0.2 in, 





0.001 in. p= 0.010 Ib: s/ft* 





so that 
df =r (a ^E.) (207 dr /sin 8) 
- 2TAW pid 
b sin@ 
Hence, rzR 
s a NMW (31 ~ TW y 
T= fdf = ^p une jre eG <> gh a) 


, "S * 0.0/0 —— 


R=0./in. , b-0-00lin. 


P 


,9 = 30deg and 


rev rad A ie 
= 500 22% (PA ad) esa 


Thus, from E TA (, 





a 6.010 2) (524 0d) ( 448) = 9.530107 "tlh 


2.( $29! tt) singo 
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1.70 The viscosity of liquids can be measured through the use of a Fixed 
rotating cylinder viscometer of the type illustrated in Fig. P1.70. In outer 
this device the outer cylinder is fixed and the inner cylinder is rotated cylinder 
with an angular velocity, w. The torque J required to develop w is 
measured and the viscosity is calculated from these two measurements. 
(a) Develop an equation relating u, w, J, €, R,, and R;. Neglect 
end effects and assume the velocity distribution in the gap is lin- 
ear. (b) The following torque-angular velocity data were obtained 
with a rotating cylinder viscometer of the type discussed in part (a). 


Torque (ft - Ib) 134 [ 260. [| 39.5 64.9 


Angular 
velocity (rad/s) 





eS 


78.6 













1.0 2.0 3.0 4.0 5.0 6.0 


For this viscometer R, = 2.50in., R; = 2.45in., and € = 5.00 in. 
Make use of these data and a standard curve-fitting program to de- 
termine the viscosity of the liquid contained in the viscometer. 


D Torque, d Wo due to shearing stress 
on /"^ner cylinder 13 egual fo 
d T= R; TAA 
where ZA =(k- dO) 4, Thus, 
dT RL T de 
and torgue reguired to rotate 


inner cylinder 1$ am: 
2 2 
E f f JE. - du. yi "T 


For a linear velocity distribution in the gap 





(R~ cylinder length ) 





e3ilnuo 
x am RISB Oo (1) 


[b) Th “5, Joy a tired geometry 


and aà gwen Viscosity , EQ ij) is of The form 
y=bx ( 927 and X ^ CO ) 


Where b is a constan Í Lgual dn 


(con't) 
1- 6 | 


1,70 


(con's) 


J | 
pa SEXES. £ ( 2) 


To obtain b ied the data +p A | inear Lguation 
of the form ŅY=bx using & standard curve-fiHins 


Program Such A5 Sound (n EXCEL. 


Th uS From £4 2) 


jer ( 5) ( Be m P: ) 

2r ROX 
ana with The cata given , b = 13.08 7EIb.s | So that 
(13,08 -ws )(4.50 245 te | 


am (24S. fa)” (£99 #2) 


3 45 l's 
fL 


] 698. 
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1.71 A 12-in.-diameter circular plate is placed over a fixed 
bottom plate with a O.l-in. gap between the two plates filled 
with glycerin as shown in Fig. P1,7/^, Determine the torque 


Rotating plate 








required to rotate the circular plate slowly at 2 rpm. Assume Y ——— I eae Beye CAS 4 2 0.1 in. gap 
that the velocity distribution in the gap is linear and that the — $2995 ERTAN QUE D ES ERA ties | al 
shear stress on the edge of the rotating plate is negligible. ie — pul ug 
E = FIGURE P1.71 
lorgue, cl due to shearing stresses 
on Plate is e gual to T 
"- dy 
ATs fd 
L) herve gdA- 2Trdr, Thus, R 
dl - rU 2rrdr 
ana " z Stresses acting on bohom of plate 
T= zl H T € 
O 
a 
5; T- du L 34 ^ —» V= rt 
/nce P /^ ay J 4nd r a $ y 
linear Velocity distri bution Csee tiguve) x- 7 
i= Æ ra du zM 4 W 
5 dy § $ 
Thus R + Ve locity distributio 
ZTA (Lig, = ZADE J 


gnd with The dele given y 
or oni Bes (e rr ) fer ted Loon f T 4) 
l x ft) C4) 
= 0.0772 Hf 
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1.73 Some measurements on a blood sample at 37 °C (98.6 °F) 
indicate a shearing stress of 0.52 N/m? for a corresponding rate 
of shearing strain of 2005s !. Determine the apparent viscosity 
of the blood and compare it with the viscosity of water at the 
same temperature. 





. t | osa. = 4 
Mslood ` y j | = = 26.0 XID E: 
Zoo = m * 








From Table 8,2 in Apoend'y B: 
à E -4 N. 
@ 30°C Au, o? 7415 X10 — 


o - 
@ Hoc Myo? 6.524 xib ^ Nes 


(Y^ à 
Thus, with linear Interpolation ) fa (37°C ) = 6.96 X10 N:s 
20 a 








Qn d. hy i 
s. oS 
~Ns O m 
P^ mo b. a5 xiv" N35 
m* 
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1.75 | 


1.75 A sound wave is observed to travel through a liquid with a 
speed of 1500 m/s. The specific gravity of the liquid is 1.5. De- 
termine the bulk modulus for this fluid. 


i Ex 
c= , where 0=S6Q,, and $6715 
T hus, 
2 2 
E, =E 4 = C G Pyro 
2 
= (1500 5) (1.5) (999 7) 
, I kg. m 
= 3,37x I0 3477, 


or 9 n 
E, = 3.3710 ^3 


{.76 | Estimate the increase in pressure (in psi) 
required to decrease a unit volume of mercury 


by 0.196. 


= — df 
E A ( £g. 112) 


= Ay _ 
= = ~ (4% xp H, NC 0, 201) 


4/4 x IO : pse 
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1.77 A 1-m? volume of water is contained in 
a rigid container. Estimate the change in the vol- 
ume of the water when a piston applies a pressure 





of 35 MPa. 
dp 
E = — — Eq lI 
da i (€g. 112) 
Th 
4S, we xap __ Ci m?)(35x10'%, ) 3 
= an 3 — 0,0/63 m 
V BIS x 1D] N 
Or dien 


decrease in vo lume x Ô. 0/63 m3 
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].78 Determine the speed of sound at 20 °C 
in (a) air, (b) helium, and (c) natural gas. Express 
your answer in m/s. 


C= VÆRT (Eg Lao ) 


With T= AoC +273 = AG3kK : 


(a) For al | hyo) fast. X. " 
er air, c = |/(L 40 (4 1s oen) 343 
(b) For helium, C= (1. b6)(2077 > ) (2933k) = /ol0 
Ep k bos o E MN 
(€) For natural gas, (cz (131) (578, a ) (293k) = 44b% 
i TM LL L4 
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mm 
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1.74 Air is enclosed by a rigid cylinder con- 
taining a piston. A pressure gage attached to the 
cylinder indicates an initial reading of 25 psi. De- 
termine the reading on the gage when the piston 
has compressed the air to one-third its original 
volume. Assume the compression process to be 
isothermal and the local atmospheric pressure to 
be 14.7 psi. 


For  iselhermal compression, S = constant so That 


Pe = Iu Where tœ initial state Gnd 
fA (F f^ final state . 


£^ LÁ 
T . mass bb 


and Therefore 
E = (3)((a5+ 14,7) ps (abs)) = II? pst (abs) 


or 
$ (gage) ct Ipi = tos psi qure) 
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1.80 Repeat Problem 1.74 if the compression 
process takes place without friction and without 
heat transfer (isentropic process). 


So 7hai 


For sen trop 1C compression, = constant 





& 4 | 
A z 25 where 6 ^n tpitia/ state and 
fe * £ final state. 
Thus 
/ 
24) * 
Sinee adidas fz. thiha) volume 
ÜÉ volume ? A final volume =y lor soca 


and there fore 
/. o 
- (3) [ras » 14,7) pst lats)] = /849 pse (as) 


P (gage) = 1848-17 = 170 psi (gage) 
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1.81 Carbon dioxide at 30°C and 300 kPa absolute pressure 
expands isothermally to an absolute pressure of 165 kPa. Deter- 
mine the final density of the gas. 


For isohhermal Expansion , $ = constant Sd That 


T > f where tr~mtial state ad 


(ii G f Lial state. 
Thus 
Us, E 
f ~ ^ f 
Also 3 
fe. a c = decisis à = 5, 2¢ £a 
Í RT; (133.9 Z [Goet 203] ndi 
| i Ég: K 
Só that 


/55 kPa he | = 2398 48 
j” arar NOM AJ t 2m 
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1.82 Natural gas at 70 °F and standard atmospheric pressure 
ot 14.7 psi (abs) is compressed isentropically to a new absolute 
pressure Of 70 psi. Determine the final density and temperature 
of the gas. 


For / sen tropic Compression m = Constant So That 
2 pr 


fe 3 E Where i~ inital state and 
T. f Ew dH Stota. 
Thus, 4 fa 7, 
&'nxG 


if 
| Ae (Ry R 


Aso 4 (/4 4e [44 da, 
pfx TE: 7 fe IC fe — o4 xp slug 
‘Ib o " 
( [3.094 x10 FE ) (nente ft 
so that = 
f; - 70 fs labs) (123 x 10^ sugs ) = 425 ae 
/47 pst labs) ro 2 
an cl ' 2 
MN, 
-b ol led m) 
F LR uai a dus d V 
p 425 x10? SHE o pgpx ip. £E A 
f * S43 (097 Slug: R 
= er R 


oF 
le = 765-R~ pó = 305 er 
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1.83 Compare the isentropic bulk modulus of 
air at 101 kPa (abs) with that of water at the same 
pressure. 


For atr ( £9, 442), 
Ey s k p = ()40)(/o1 x 3h ) = Ll xI R 


For water (Table 44) 
Ey, = 2/5 x l5 * R 


Thus, 
9 
E, (water) | 2.15 x l0 Fe 


— oc amete 





m / 543 xo" 


| 29. 
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|4 ! PET 
* 1.84 Develop a computer program for cal- 


culating the final gage pressure of gas when the 
initial gage pressure, initial and final volumes, 
atmospheric pressure, and the type of process 
(isothermal or isentropic) are specified. Use BG 
units. Check your program against the results ob- 
tained for Problem 1.74. ITO 


For compression or CX pansion, 


f 
— = Constant 


where | R=/ for isothermal process, aud R= specific heat vato 
for istntropic process. Thus, 


^. f 
ae AP 


m £ 
Where ca initial state | £o nal stole , So thet 


7. 
5: (2) R 


(/) 
Since _ mass 
~ Volume 
then fe. Ve 
fy k 
LJ) here Ye V. ave The initial end final volumes, vespectively . 
Thus, trom EQ (1) 
j vy 
F up lj A $,* ha.) (2) 


Where The subscnpt j refers te gage pressure . E guation (2) 
can be written as 


L Á 
fj, | Hi ls * tem) E hs 


A spreadsheet (Excel) Program for Calculating 
the Ling} Gage Pressure follows . 


(cont ) 
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This program calculates the final gage pressure of an ideal gas when the 
pressure in psi, the initial volume, the final volume, the 
atmospheric pressure in psia, and the type of process (isothermal or | . | 
isentropic) is specified. To use, replace current values and let k = 1 for isothermal! 
process or k = specific heat for isentropic process. I —- 
Du P owmnx M aW [oco | ee eee | 
Initial gage| Initial | Final | Atmospheric] ^ — |Finalgage| — 
| pressure | volume | volume | pressure | —  — j|presue| .«— | 
es | V. | w | so | X | Pairs) | _ 
[DL pom xr 104.4 
Mp aem BSS | prece. si 

Se 


=e) 
—EL Formula: 
_|=((B10/C10)*E10)*(A10+D10)-D10 |_| 
| [5———HÉT———r———— |] 


















Bb. Frou Iob! o /.79 are included In The 
a bove table, Giving a Á nel Gaye pressure of /044 4 psc 
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1,85 An important dimensionless parameter concerned 
with very high speed flow is the Mach number, defined as V/c, 
where V is the speed of the object such as an airplane or 
projectile, and c is the speed of sound in the fluid surrounding 
the object. For a projectile traveling at 800 mph through air at 
50 °F and standard atmospheric pressure, what is the value of 
the Mach number? 


Mach number = = 


c 
From "Ia kid 8.3 In Appendix B 
Cá. 
2 [lob = 
Cair @ 50°F S 





Thus E 
(Yoo mphJ(5180 t Ges) 


li ob fe 
S 


Mach number 


AN 


—— 
——— — 


H 


6^ 
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1.86 Jet airliners typically fly at altitudes between approx- 
imately 0 to 40,000 ft. Make use of the data in Appendix C to 
show on a graph how the speed of sound varies over this range. 


C= ART ( Ey. / 2o) 


Br 44-4940 aud R= (716 £e 


uo 
C= #90 VTA 


From Table C| in Appendix C at an altitude of O £4 
Te 5S2oo + 440 = 519R so Th 


Cx "A7 ug /51 72e = ///£ ct 


Similar calculations Con be made tor her altitudes 
end the resulting graph is shown below. 





Altitude, ft Temp.’ F Temp. ’R 
0 59 519 1116 

















5000 41.17 501.17 1097 
10000 23.36 483.36 1077 
15000 9.55 465.55 1057 
20000 -12.26 447.74 1037 
25000 -30.05 429.95 1016 
30000 -47.83 412.17 995 
35000 -65.61 394.39 973 






40000 . -69.7 390.3 





, ft/s 
E x 
oo O 
O O 


Speed of Sound 


960 IL : | | 
0 5000 10000° 15000 20000 25000 30000 35000 40000 
Altitude, ft 
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187 (See Fluids in the News article titled "This water jet is a 
blast." Section 1.7.1) By what percent is the volume of water de- 
creased if its pressure,is increased to an equivalent to 3000 at- 


mospheres (44,100 psi)? 


(Ee. 1121 


44 100 ee! Pb = Ol | 
3.12 x10" *Psc o. 


oJ, decrease [M Volume = ly, | of 





1.88 During a mountain climbing trip it is observed that the wa- 
ter used to cook a meal boils at 90 °C rather than the standard 100 
°C at sea level. At what altitude are the climbers preparing their 
meal? (See Tables B.2 and C.2 for data needed to solve this prob- 


lem.) 


When the water boils, 
fau = for, where from Table B.2, at T=90°c 


fa, = 701x10" ©, (abs) 
Also from Table C.2, for a standarel atmosphere 
p= Zoix 10" S, (abs) al an altitude of 3000 m 
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1.89 When a fluid flows through a sharp bend, low pres- 
sures may develop in localized regions of the bend. Estimate 
the minimum absolute pressure (in psi) that can develop without ' 
causing cavitation if the fluid is water at !60 °F. 


Ca vi tation may occar when the local Pressure eguals the | 
vapor pressure. For water at 10°F (hom Table 8.1 ra ApptndiB} 


Ê, = 47% pst (abs) 


/ hus, minimum pressure = 474 psc (abs ) 
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1.90 Estimate the minimum absolute pressure (in pascals) 
that can be developed at the inlet of a pump to avoid cavitation 
if the fluid is carbon tetrachloride at 20°C. 


Cavitation may occur when The Suction pressure 
4f the pump inlet eguals The vapor pressure. 


For carbon betvachlvite at ZOC p = /3 Lh, (ass) | 


Thas, minimum pressure = 13 kPa labs) 
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1.91 When water at 70 °C flows through a converging section of 
pipe, the pressure decreases in the direction of flow. Estimate the 


minimum absolute pressure that can develop without causing cav- 
itation. Express your answer in both BG and SI units. 


Cavitation rha y occur ih The converging sectién of pipe when 
The pressure e gaal s The Vapey pressure . From Table £2 in Append P 
Jor water at 70°C , Gr 3/.2 AR Cabs). Thus, 


minimum pressuve = $12 4 RB. Cabs) /n SI units. 


Ln 86 ants T 
d y l 

‘Minimum pléssare ~ (3.2xu = Y, 455 X ll Ww ) 
AA 


7 452 Psia 





1.92. 


1.92 At what atmospheric pressure will water 
boil at 35 °C? Express your answer in both SI and 


BG units. 


lhe Va por pressure of weter of 35°C rs 

S81 AA lass) (fram Tasse &.4 on Append B 

USihg linear interpolation J. Thus, (i water borts 

ob This femprrature the atmospheric pressure must 
be egual to 5,9/1 fa lads) tn SL units. Ln BG ani ts, 


3v =} E ; 
[581 x 10 Me) (44 90x 10 A ) = O. f*2 psc (abs) 
P» > 
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1.94 When a 2-mm-diameter tube is inserted into a liquid in an 
open tank, the liquid is observed to rise 10 mm above the free sur- 
face of the liquid. the contact angle between the liquid and the tube 


is zero, and the specific weight of the liquid is 1.2 x 10* N/m’. 
Determine the value of the surface tension for this liquid. 


A 20 cos8 
h y R 


N - 
hR _ naxio ss (1007 m) (2x19 3 m2) 
2co0 X 2 cos O 


where 0 -0 
Thvs, 


—-^ 


= 0.060 4 
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1.45 Small droplets of carbon tetrachloride at 
68 °F are formed with a spray nozzle. If the av- 
erage diameter of the droplets is 200 jm what is 
the difference in pressure between the inside and 
outside of the droplets? 


= 20 
ma S 


Since TE 2.69 X10 ^ 


N 
^» 
as | 


at bg F (=20°C) 3 
) 


^ 
fu A (2.69*15 =, - 534A 


jos; fo "m 
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1.6 A I2-mm diameter jet of water discharges vertically 
into the atmosphere. Due to surface tension the pressure inside 
the jet will be slightly higher than the surrounding atmospheric 


pressure. Determine this difference in pressure. 


For equilibrium (see ÁÍigure ), 
Mz e Í)- c (2 ££) 

So That 
p= 

. ^34 TP 


La 


a 





p2R5f 





a 0 mh 
= /2.2 là T^ excess pressure 
Surface Jtusin dove: 0 250 
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1.97 As shown in Video V1.9, surface tension forces can be strong 
enough to allow a double-edge steel razor blade to “float” on wa- 
ter, but a single-edge blade will sink. Assume that the surface ten- 
sion forces act at an angle @ relative to the water surface as shown 
in Fig. Pl. 97. (a) The mass of the double-edge blade is 
0.64 x 107? kg, and the total length of its sides is 206 mm. De- 


Surface tension 
force 





termine the value of @ required to maintain equilibrium between pe p mE ED Lies 
the blade weight and the resultant surface tension force. (b) The ss e UNITED IRE 


mass of the single- edge blade is 2.61 x 10^? kg, and the total BH FIGURE P1.37 
length of its sides is 154 mm. Explain why this blade sinks. Sup- 
port your answer with the necessary calculations. 


z 5 e 


(a) Veri cal 


“per Tanl w 


w heye e = iw x d Gnd T= O x length of sides. 
oae 


(0. bit x 1054) (4.81 mfa) s FT su x? A. (o. 20b m ) sin® 
siga = 0. H5 
Cie £6” 
(b) For Single -edge blade 
20 sd 2 F 


HÍ 


(2.41 x0? ka) (4.8) ls) 
0.0254 N 


5] 


and 


T sing = (o-x. lengh of aide sing 
(7.34 x 107? Im) ( 0.184 m ) sin B 
= 0.0113 sin B 
Ln order for blade to “float” W < Tsino. 


Dince maximum Value for sina is |, r+ follows 
that W>Tsing and single-edge blade will sink. 
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1.98 To measure the water depth in a large open tank with 
opaque walls, an open vertical glass tube is attached to the side 
of the tank. The height of the water column in the tube is then 
used as a measure of the depth of water in the tank. (a) For 
a true water depth in the tank of 3 ft, make use of Eq. 1.22 (with 
0 = 0°) to determine the percent error due to capillarity as the 
diameter of the glass tube is changed. Assume a water 
temperature of 80 °F. Show your results on a graph of percent 
error versus tube diameter, D, in the range 0.1 in. < D < 1.0 in. 
(b) If you want the error to be less than 196, what is the smallest 
tube diameter allowed? 


The excess height, h, caused be the surface tension i 
h- 25 Cese (Eg. |.22) 
YR 
For OF O° with D=22 
age cdl 
xO 
From Table B.| in Appendix B for water at §0°F 
T= £9/ xI? Ib/ft and X= 62.22 lb/ft? 
Thus from £2.) 


CI ) 





-J lb = 
h (£4) = if (441x5 X.) |. 8.1q xX lD e (z) 
wD —— in. 
| (62.22 fs) TII D CIn.) 
DUE oh error = h F) x 100 (wth The true clepth 
Tu follows from Eg (2) That F 
elo €vroy = 5:12 XI? ving 
3 Din.) 
Dln. ) 


A plot of f error versus tube chameter ıs 
Shown on The nert page. 


(loni? 


Diameter % Error 








of tube, in. 

0.1 1.26 

0.15 0.84 

0.2 0.63 

0.3 0.42 

0.4 0.32 

0.5 0.25 

0.6 0.21 

0.7 0.18 

0.8 0.16 0 0.2 0.4 0.6 0.8 1 1.2 

0.9 0.14 Tube diameter, in. 
1 0.13 


Values obtained - 





from Eq. (3) 


( b) For LA Error trom £$.03) 
| O./26. 
(t [x ia.) 





D-0o/26 in. 
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1.44 Under the right conditions, itis possible, due to surface 
tension, to have metal objects float on water. (See Video V1.9.) 
Consider placing a short length of a small diameter steel (sp. 
wt. = 490 lb/ft) rod on a surface of water. What is the 
maximum diameter that the rod can have before it will sink? 
Assume that the surface tension forces act vertically upward. 
Note: A standard paper clip has a diameter of 0.036 in. Partially 
unfold a paper clip and see if you can get it to float on water. 
Do the results of this experiment support your analysis? 


"m UA. 
In order tor rod to float (see figure) 
it follows That 
arh ZW x (E57) i s 
Thus , for The limiting Case si aa 
DoF AREE ge 
(Zz) £ e, | TT stes | 






so That 






~3 
8 (5.03 xlo z 


-3 
lira = 5, xib H 


3- (490. a ) 


0.OL15 In. 


Since a standard steel paper clip has 4 
diameter of 0.036 in , Which ts less tran 

6.06/46 In., (E. should Float. Ar simple experiment 
will Verify This. Yes . 
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1.400 An open, clean glass tube, having a diameter of 3 mm, 
Is inserted vertically into a dish of mercury at 20 *C. How far 
will the column of mercury in the tube be depressed? 


A= <0 Cos @ 


Y ( Eg. 122) 


Fr &- 130° 


_ 2 Cuetec’ -& ) cog /30° -3 
-= —— Pas — -— 0 X/D nm 


[133 X /0 an Mo 00/5 ^m ) 


Thus, Column wi ll be depressed 5.00 mmm 


1.101 An open, clean glass tube (8 = 0°) is inserted vertically 
into a pan of water. What tube diameter is needed if the water 
level in the tube is to rise one tube diameter (due to surface 


tension)? 
. 20° Ces6 gu. har) 
ze Tz 1 
Fh. 422R and 8-20? 
are 270 
rk 3 Ib 
Gnd p? = O ~ F032 X10” Fe 
4 62,4 le 
è fe 3 


R= $49 xid” fh 
diameter = LR = 1.80 xi Lt 
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1.102 


1.402 Determine the height water at 60 °F will 
rise due to capillary action in a clean. 1-in.-di- 
ameter tube. What will be the height if the di- 
ameter is reduced to 0.01 in.? 


XR 
Foy water at 60°F f trem Table B./ 1% Appendix B), 
T= 503x00? E and X= 6237 By. Thug with 870, 


( for R=0./25 0p. ) 2 (6.03 «107 z )t) 


(62.37 Fy) ( ^25 A) 


s ESS Li t 


a MM 12 [n.\ . a 
4-(u.st«wm £t)( d z 0,186 tn. 
Similarly, 
( for R=0.005 m.) 


E C» /25 ın. B EI 
4, = (0.184 in.) Tm) = 465 in. 
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1.103 (See Fluids in the News article titled "Walking on water,” 
Section 1.9.) (a) The water strider bug shown in Fig. P1.103 is 
supported on the surface of a pond by surface tension acting along 
the interface between the water and the bug's legs. Determine the 
minimum length of this interface needed to support the bug. As- 
sume the bug weighs 10 ^ N and the surface tension force acts 
vertically upwards. (b) Repeat part (a) if surface tension were to 
support a person weighing 750 N. 





E FIGURE P1.103 


op 


Poy equi | PR z 


AD = T2 
(A) (i Ow _ |V'N w 


Ts 134 xip* N aw ~ weight 
e m U^ Surface Tensión 
= [.34%10 (m f "JU length of interface 


(\. 31 XID m ) (EL = [.3b mw 


(b) 





f . ITN 


= |.02 X10 m ( 6.34 mc |l 
7.34 xi N 


3 
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1.10% Fluid Characterization by Use of a Stormer Viscometer 


Objective: As discussed in Section 1.6, some fluids can be classified as Newtonian flu- 
ids; others are non-Newtonian. The purpose of this experiment is to determine the shearing 
stress versus rate of strain characteristics of various liquids and, thus, to classify them as 
Newtonian or non-Newtonian fluids. 


Equipment:  Stormer viscometer containing a stationary outer cylinder and a rotating, 
concentric inner cylinder (see Fig. P1.10'); stop watch; drive weights for the viscometer; three 
different liquids (silicone oil, Latex paint, and corn syrup). 


Experimental Procedure:  Fillthe gap between the inner and outer cylinders with one of 
the three fluids to be tested. Select an appropriate drive weight (of mass m) and attach it to the 
end of the cord that wraps around the drum to which the inner cylinder is fastened. Release 
the brake mechanism to allow the inner cylinder to start to rotate. (The outer cylinder remains 
stationary.) After the cylinder has reached its steady-state angular velocity, measure the amount 
of time, t, that it takes the inner cylinder to rotate N revolutions. Repeat the measurements us- 
ing various drive weights. Repeat the entire procedure for the other fluids to be tested. 


Calculations: For each of the three fluids tested, convert the mass, m, of the drive weight 


to its weight, W — mg, where g is the acceleration of gravity. Also determine the angular ve- 
locity of the inner cylinder, w = N/t. 


Graph: For each fluid tested, plot the drive weight, W, as ordinates and angular velocity, 
w, as abscissas. Draw a best fit curve through the data. 


Results: Note that for the flow geometry of this experiment, the weight, W, is propor- 
tional to the shearing stress, 7, on the inner cylinder. This is true because with constant an- 
gular velocity, the torque produced by the viscous shear stress on the cylinder is equal to the 
torque produced by the weight (weight times the appropriate moment arm). Also, the angu- 
lar velocity, w, is proportional to the rate of strain, du/dy. This is true because the velocity 
gradient in the fluid is proportional to the inner cylinder surface speed (which is proportional 
to its angular velocity) divided by the width of the gap between the cylinders. Based on your 
graphs, classify each of the three fluids as to whether they are Newtonian, shear thickening, 
or shear thinning (see Fig. 1.7). 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Outer cylinder 
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Weight, W, vs Angular Velocity, o 
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1.105 Capillary Tube Viscometer 


Objective: The flowrate of a viscous fluid through a small diameter (capillary) tube is a 
function of the viscosity of the fluid. For the flow geometry shown in Fig. P1.10$, the kine- 
matic viscosity, v, is inversely proportional to the flowrate, Q. That is, v = K/Q, where K is 
the calibration constant for the particular device. The purpose of this experiment is to deter- 
mine the value of K and to use it to determine the kinematic viscosity of water as a function 
of temperature. 


Equipment: Constant temperature water tank, capillary tube, thermometer, stop watch, 
graduated cylinder. 


Experimental Procedure: Adjust the water temperature to 15.6°C and determine the 
flowrate through the capillary tube by measuring the time, f, it takes to collect a volume, V, 
of water in a small graduated cylinder. Repeat the measurements for various water temper- 
atures, 7. Be sure that the water depth, h, in the tank is the same for each trial. Since the 
flowrate 1s a function of the depth (as well as viscosity), the value of K obtained will be valid 
for only that value of h. 


Calculations: Foreach temperature tested, determine the flowrate, Q = V/t. Use the data 
for the 15.6°C water to determine the calibration constant, K, for this device. That is, K = vQ, 
where the kinematic viscosity for 15.6°C water is given in Table 1.5 and Q is the measured 
flowrate at this temperature. Use this value of K and your other data to determine the vis- 
cosity of water as a function of temperature. 


Graph: Plot the experimentally determined kinematic viscosity, v, as ordinates and tem- 
perature, 7, as abscissas. 


Results: On the same graph, plot the standard viscosity-temperature data obtained from 
Table B.2. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 1.105 Capillary Tube Viscometer 


From Table B.2 


Vm ts T,degC Q, mi/s v, m^2/s T,degC v m^2/s 
9.2 19.8 15.6 0.465 1.12E-06 10 1.31E-06 
9.7 15.8 26.3 0.614 8.49E-07 20 1.00E-06 
9.2 16.8 21.3 0.548 9.51E-07 30 8.01E-07 
9.1 21.3 12.3 0.427 1.22E-06 40 6.58E-07 
9.2 tel 34.3 0.702 7.42E-07 50 5.53E-07 
9.4 10.1 50.4 0.931 5.60E-07 60 4.75E-07 
9.1 8.9 58.1 1.022 5.10E-07 

v = KQ K, m^2 ml/s^2 v (at 15.6 deg C), m^2/s 
5.21E-07 1.12E-06 


K=vQ=1.12E-6 m^2/s * 0.465 ml/s = 5.21E-7 m^2 ml/s^2 











Problem 1.105 
Viscosity, v, vs Temperature, T 








| e Experimental | 
—— From Table B.2| | 





V, m^2/s 


5.0E-07 M —! 





0.0E+00 
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- mw reden Pe denim a db in 2.2. 
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2.2 A closed, 5-m-tall tank is filled with water to a depth of 4 m. 
The top portion of the tank is filled with air which, as indicated by 
a pressure gage at the top of the tank, is at a pressure of 20 kPa. 
Determine the pressure that the water exerts on the bottom of the tank. 





3N 
= 20x10 2s +9, 80x10 43 (4m) 


592 x [0^ ™, = 59,2 kPa 


MO 
H 
CN 
TM 
ec 
Sa 
i 


u 


2.3 A closed tank is partially filled with glycerin. If the air 
pressure in the tank is 6 Ib/in.? and the depth of glycerin is 10 
ft, what is the pressure in ]b/ft? at the bottom of the tank? 


parh + P= (7964, Vio te) +(b Lye 


i. ee ee or a 


2.44 Blood pressure is usually given as a ratio of the 
maximum pressure (systolic pressure) to the minimum 
pressure (diastolic pressure). As shown in Video V2.2 such 
pressures arc commonly measured with a mercury mano- 
metcr. A typical value for this ratio for a human would be 
120/70, wherc the pressures are in mm Hg. (a) What would 
these pressures be in pascals? (b) If your car tire was 
inflated to 120 mm Hg. would it be sufficient for normal 
driving? 


p= xh; 


(A) For 120 mm H4 (| pz (133 x 10° )(o, 120m )* /5. 046 fa 


For [0 mm Ha z p= (133 x o? (o. 070^ )= 7.3/ «E 


| i 3N -* lin? 
(b) For 120 4 Hg SN (14. D xt FL Eis j 





= MZ Pst 


Sine a typical Fiye Pressure 4s Jo-35 Pe, / Z0 an sm Hy 
is Not sufticesent for normal divis. 


2.5 An unknown immiscible liquid seeps into the bottom of an 
open oil tank. Some measurements indicate that the depth of 
the unknown liquid is 1.5 m and the depth of the oil (specific 
weight = 8.5 kN/m?) floating on top is 5.0 m. A pressure gage 
connected to the bottom of the tank reads 65 kPa. What is the 
specitic gravity of the unknown liquid? 


iA " = (331) (Fam) =f (5, (i Sian ) where Nun unknown hewa 2 
onom 
Te Hone Te (Sm) = (gxiD % - (25x04 ) (=m) 
x wm 


= IS x0 M 

mm ? " 

3 N 
Ta _ OgEXB m? — | 53 
56: ie | 


= n = ——— Lr J-—— 
Yu, oC LI x 103, 


2.6 


2.6 Bathyscaphes are capable of submerging to great depths 
in the ocean. What is the pressure at a depth of 5 km, assurn- 
ing that seawater has a constant specific weight of 10.1 kN/m?? 
Express your answer in pascals and psi. 


pork +4 
At the surface. ££ =0 so That 


3 6 
p= (10.1 x ID AE MV rolas) = 50.5 x70 — = 50.5 MP. 


Also, 
p= (50.5 x 10% & - ) [1.450 x10" = ) = /320 pse 
2? , MM t — MÀ 


fim * 


2-3 


Er For the great depths that may be en- 
countered in the ocean the compressibility of sea- 


' water may become an important consideration. 


(a) Assume that the bulk modulus for seawater 
is constant and derive a relationship between 
pressure and depth which takes into account the 


of part (a) to determine the pressure at a depth 
of 6 km assuming seawater has a bulk modulus 
of 2.3 x 10? Pa, and a density of 1030 kg/m? at 
the surface. Compare this result with that ob- 
tained by assuming a constant density of 1030 
kg/m’. 


change in fluid density with depth. (b) Make use 


(à) 


d — Lj Gumi 
ies | n 
Thus, db. gz (1) 
lea j 


It ie IS a functor of P. we must determine A-f-(p) be fore 
integrating E.U). Since, 














E m df (Ee 13) 
then Y LaF 
- ae 
dp = E, L 
o A 
5S Tha t 
' £. 
P vs E, £n fe 
Thus, " Á o 5r Where p=? at po 
Í P=0 at surface 
From E4 QO) | J 
o * £ 
th | 4- 
Ê E ae dz z Z, 
A hes, Z, L 
or e P: z, 
pw" Eg] '" 
$ 5 
so that 
p= —E Ly ( 1— aet ) where h= foc É,, the 
i Ey depth below surface 
(cont? 


A-4 


(conl) 


(5) From parta), , 
fo 
= By Bi (1 EE 
So That at fe a WOA 


Puce (2.3 x io* &, ) f» i 


T? Ww 
= 6)0 210 — = GI MP, 
m I 0S AL RUL ON 


E (i.03.xio $$, (3.21% ) (6x10) 


4S ey AJ 


am 


ce) For constant density 
path= pak =(1. 03 xi^ SE) (4.91% lexim ) 


= 60.6 Mk 


2.8 ~ 


2.8 Sometimes when riding an elevator or driving up or down a 
hilly road a person’s ears “pop” as the pressure difference between 
the inside and outside of the ear is equalized. Determine the 
pressure difference (in psi) aSsociated with this phenomenon if it 
occurs during a 150 ft elevation change. 


n 


549 * (ah =o. 0765 2 = (1 Soft) 





it wl. 
= [l-5 a Cu 
= 0,0797 pst 
2.q 
2.9 Develop an expression for the pressure 


variation in a liquid in which the specific weight 
increases with depth, h, as y = Kh + yo, where 
K is a constant and y, is the specific weight at the 
free surface. 


d 
du 7 ( Eg. 2.4) | z 
/ X owW. EOL OL y 





l dp= Xdh 
anc fap f ren 
for wads $ 
[p> fita 


Q^ el 


2.76 


f. Cont ) 
*Z.10 Ina certain liquid at rest, measurements of the spe- 60 107 
cific weight at various depths show the following variation: 70 110 
80 112 


mE eae 
90 114 


h (ft) y (lb/ft) 100 115 


n 


0 70 
10 76 
20 94 The depth h = 0 corresponds to a free surface at atmo- 
30 9] B spheric pressure. Determine, through numerical integration 
40 97 of Eq. 2.4, the corresponding variation in pressure and show 

the results on a plot of pressure (in psf) versus depth (in 
50 102 

fect). 

dp y 
=- 2,4 


let 2E 4-4 foe Figure ) So 
Thet cla=—dh and Jhere Pre 





Thus, „Ê ^. 
dp = FF dah 
O 6 
oY he 
f. = fy dh (1) 


Where f. 4s The Pressure at depth A 


E ue tion (1) Can be va tegrated Numerically USIns 
the Érape Jordal rule, če., 


m~l 
= a4 
^72 2 fü ei MH, 7x] 


/J here vb: y ) X ^ h, and N = humber of data 


Points : 


(cont) 





( Contd 


The tebulated results Are Given below, alons 
luith The Corresponding plot of Pressure vs. depth. 


h(ft) y, Ib/ft^3 — Pressure,psf 


0 70 0 

10 76 730 
20 84 1530 
30 91 2405 
40 97 3345 
50 102 4340 
60 107 5385 
70 110 6470 
80 112 7580 
90 114 8710 
100 115 9855 


Pressure, p (psf) 





Depth, h (ft) 


2,12 


5000 50.1 (base) 

*2.12. Under normal conditions the temperature of the eek E 
atmosphere decreases with increasing elevation. In some 6400 62.6 
situations, however, a temperature inversion may exist so 7100 67.0 

that the air temperature increases with elevation. A series 

of temperature probes on a mountain give the elevation ber t 
—temperature data shown in Table P2.12. If the barometric 
pressure at the base of the mountain is 12.1 psia, determine UD E 

by means of numerical integration the pressure at the top of 9900 

the mountain. Qil.. 1 CS 

TABLE P2.12 


Fyrom £9, 4.9, 


Elevation (ft) 


fa 
y, h. a [a 
d P, R Je T 


In The table below the temperature in °R is 


and the inde grand 


I/ Tlr) tabula fed. 


Elevation, ft — T, °F T, ^R 1/ TCR) 
5000 50.1 509.8 0.001962 
5500 55.2 514.9 0.001942 
6000 60.3 520.0 0.001923 
6400 62.6 522.3 0.001915 
7100 67.0 526.7 0.001899 
7400 68.4 528.1 0.001894 
8200 70.0 529.7 0.001888 
8600 69.5 529.2 0.00189 
9200 68.0 527.7 0.001895 
9900 67.1 526.8 0.001898 





Temperature (^F) 


The approximate Value of The sate gral 4» £4. 2.4 Js 
c, €, 


h I] X~ elevator 
Lu + = Gs M ) 6»... -ži ) l) e yY a T J 
Gnd n - num ber of data points. This, 
Foo f 4 Lt 
/ g 34 Ls 
(=)d# = f eR 


boo fE l 
So hat ( twita $ = 32.2 J£* ana R= /7/6 ft. ll shag: R 


"p fE 
n 2? = ~ (2220) C8343) p 1753 
] |716 FE Ib/ slug: °R 


(cont) 
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(1) 


A212 


(Cont) 


tt fellows trom £9 C1) toi TH P 242.7 poeg Met 


| — 0./753 
T ( (2. | psia) C = 10.2 psia 


(Vote E Since The tempera ture variation /5 nof Verg large 5 
(T would be expected Thet The assumption of a Constant 


temperature would give Food vesults. ZF The tem pe rata ve 
ts assumed To be Constant af The bare tempera ture 


(50./F), R =10.1 psi, which ts only slightly 
duTerest fom the result Given above. ) 
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2.14 (See Fluids in the News article titled *Giraffe's blood pres- 
sure," Section 2.3.1.) (a) Determine the change in hydrostatic pres- 
sure in a giraffe's head as it lowers its head from eating leaves 6 m 
above the ground to getting a drink of water at ground level as 
shown in Fig. P2.14. Assume the specific gravity of blood is 
SG = 1. (b) Compare the pressure change calculated in part (a) to 
the normal 120 mm of mercury pressure in a human's heart. 





lb) To Compare uI jfà Pressure in 


human heart 
Convert Pressure tn part Ca) Jo ^m Ha ; 


EN . = haz 24 
53.3 ÈN = LM (22 =, Tye 


> ? ma \ = amam H 
um (0.442 m )( 10 wa ) t42 C 


Thus, The pressure Change in The giraffes head 


is 792 mam Hs Com pare d loitu — 122 mma H5 E 
the human heart. 


2-1! 


| 2.15 


2.15 Assume that a person skiing high in the mountains at an 
altitude of 15,000 ft takes in the same volume of air with each 
breath as she does while walking at sea level. Determine the ratio 
of the mass of oxygen inhaled for each breath at this high altitude 
compared to that at sea level. 


Let ( ), denote sea level and ( ) , denote 15,000 H altitude. 
Ths, since m= macs «QV, ie V= volume 

m, *Q, UY, and Ms =Pis Ve, where V, * Vs. 

Hence, 


Mg Os Vis 1s Gs. 

Mo 6 ~~ & 

If il |S assvmed that the ai^ composttion (e. Jg, 7A Z of 

air that is oxygen) is the same af sealevel as if ical IS vtt] 
then we can use the p Palves from Table C1: 


o, = 2,327 x10 ^ e and v5 zy 4 xo? SY sly FTE $0 that 


Me -3 sivas 
- php s = 0,629 262.57, 


Th 2,377x| j ? ia 


ez 
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Pikes Peak near Denver, Colorado has 
an elevation of 14,110 ft. (a) Determine the pres- 
sure at this elevation, based on Eq. 2.12. (b) If 
the air is assumed to have a constant specific 
weight of 0.07647 lb/ft, what would the pressure | 
be at this altitude? (c) If the air is assumed to | 
have a constant temperature of 59 °F what would | 
the pressure be at this elevation? For all three | 
' cases assume standard atmospheric conditions at 
sea level (see Table 2.1). 


«4 f 
" p= £, (1- ez J^ Eg, 212) 


k : ee " fe 
for f= Alle.aZs , 20003957 Z, 03209 £5, 


5 o = tt: 5 Gnd 
Ta = 919.67°R , R= T Glee | 





2. SATA d 


—— ———— = 42:22 
T CE £e HIE 
then 5252 | 
( J ) (0.00357 Ge )í 14110 f£) 
$s [duka Bad E ——— — 
518,67 FPR 





Il 
AY 
| 
Qc 
SV 


lé) Jp 


= IL 
25. 2 - (0.6764) zs lo £1) 
= louo & (abs) 
a AER 
NT 
[ds (Eg. 2.10) 


CC ) P$ e R Ta 
-ham fe (m pio FE) l 
= EPE. e (1716 ft ys! v1*8) 
Slug «^re 


| 2.47 | Equation 2.12 provides the relationship 
i between pressure and elevation in the atmo- 

sphere for those regions in which the temperature 

varies linearly with elevation. Derive this equa- 

tion and verify the value of the pressure given in 

Table C.2 in Appendix C for an elevation of 5 


km. e 2 
d " g d 
[$ --3]2 ( Eg. 29) 





T, = 
let pop for 420, Br~p de AB, and T2782. 
Thas, P 
d f uU g dz 
P R la Z 
A o 
Ł 
or 


P 
ad [d 
T 


"| 


+ z E ka rei = » [4 (Ta,-(32) Ax 
i 
R 


: | 
lin 4] 
and Faking logarithm of both sides of CZuation yields 


Ehe paS ian duh b, 2101, 33k Pa , Ta APRS K gs 7.807% | 


-— K = 7 
Az 0.00650 7 | R "TS , 





7.807 = 
— E | 
(2. 00654 )(& t^m | Quid 77912273 
p= (101.33 4 P, ) b T 
23,15 K 


| 
| 

+ N 
= 5576. x I9 ra 


a 4 
( Bom lasle Cà in Appendix E. we 5.405 Xx ID X.) 


2,189 

2.18 As shown in Fig. 2.6 for the U.S. stan- 
dard atmosphere, the troposphere extends to an 
altitude of 11 km where the pressure is 22.6 kPa 
(abs). In the next layer, called the stratosphere, 
the temperature remains constant at — 56.5 °C. 
Determine the pressure and density in this layer 
at an altitude of 15 km. Assume g = 9.77 m/s? 
in your calculations. Compare your results with 
those given in Table C.2 in Appendix C. 


For usethermal condi tions, 


< 02:72.) 
p-e R Ta (Eg, 210) 


: A. . zn 
let Z2 lkm p=22.4kPa , Rz 487 ek) ge "mx. 


Qu d T= -545°C + A73./5 = JILASK 





Thus, 
E 77 2) nmm m! 
p= (22.442, C RET Bx )( 215. L9 e? 
2 
mee. d A Pa 
Als 3 NM 
Ü gon tO vare - 0,195 FE 
e RT | mm 3 


(287 ga) 65k) 


2, Table Gd n A p pendix C ) die Ia, ll & Pa and 
. P 
f= O19 48 S » 


3 
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2.19 (See Fluids in the News article titled “Weather, barometers, 
and bars,” Section 2.5.) The record low sea-level barometric pres- 
Sure ever recorded is 25.8 in, of mercury. At what altitude in the 
standard atmosphere is the pressure equal to this value? 


For record low pressure, 


' lb 
- y^ 24 Ib VER d cc. tk T. 
“ug "i "s Tus l2m (44 in. ! 
From Table bf in Append C : 
@ oft altitude p= LG Du 
(D boboíf4 alhtude p= 12. 228 lb ae 
Assume linear variation Change in dir tia per foot. Thus, 


Pressure Change per foot = IY LSU ipo — 12228 E, 
Jooo ft 
= & 43L xIb Di $ _ per ft 
and 


jy Lae E. - A CH) [ 65900 Te |= "n 2. 
So thet oL = u 250 Ft 


2.-16 





2.20 On a given day, a barometer at the base of the Washington 
Monument reads 29.97 in. of mercury, What would the barometer 


reading be when you carry it up to the observation deck 500 ft 
above the base of the monument? 


Let ( ) and ( ), correspond to the base and observation 
deck, respectively. 


Thus, with H= height of the monvment, 

f^ * fod ü Gin = = Z4sxit* i, (500 ft) = 28.5 LA 
But 

f = Hy, n, where 4, Ng = 847 7; rA and h = barometer reading, 
Tn 


Oy (257 H) - 5, hag 38.5 3 
Or 


129,77 » 3 2 In. 
hod (= fi) de (222 4) - 0,04 55 M (ig) 


-(29.27 -0.5 45) IN. 
or 


hy = 29,43 ın. 
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2,2) Bourdon gages (see Video V2.3 and Fig. 2.13) are 
commonly used to measure pressure. When such a gage is 
attached to the closed water tank of Fig. P2.2.! the gage reads 
5 psi. What is the absolute air pressure in the tank? Assume 
standard atmospheric pressure of 14.7 psi. 






-2 
2E 


eos 
= Li " 
rot ees: 
Jn a S 







12 in. 


Bourdon gage 





(| ££ )(62,.4 2.) m FIGURE P2.21 


[44 In.* 
Lt» 


Hs = [7.32 psie 
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2.22 


2.22 Onthe suction side of a pump a Bourdon 

pressure gage reads 40-kPa vacuum. What is the 
corresponding absolute pressure if the local at- 
mospheric pressure is 100 kPa (abs)? 


(abs) P (gage ) + f latm) 
— fo 4 A + john = bo 4A 


i 


Ii 


2.2.4 


2.24 A water-filled U-tube manometer is used to measure the pressure 
inside a tank that contains air. The water level in the U-tube on the side 
that connects to the tank is 5 ft above the base of the tank. The water 
level in the other side of the U-tube (which is open to the atmosphere) 
is 2 ft above the base. Determine the pressure within the tank. 


fair +5, (SH) 70, , (00) =0 





- (341) (62.4 E 


n 


or 
für = -CMG 


n 


- 187 qs 





zm 





2.25 A barometric pressure of 29.4 in. Hg 
corresponds to what value of atmospheric pres- 
sure in psia, and in pascals? 





27. 
(Ln pai] p= yh = (247 #) cx d fy |, = P5 psia 


[ Fa ) p= xh = (1a3.x10 E, (annon. ) (2540x107 ) 19 3 A D (abs) 
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2.26 


2.26 For an atmospheric pressure of 101 kPa 
(abs) determine the heights of the fluid columns 
in barometers containing one of the following liq- 
uids: (a) mercury, (b) water. and (c) ethyl alco- 
hol. Calculate the heights including the effect of 
vapor pressure, and compare the results with 
those obtained neglecting vapor pressure. Do 
these results support the widespread use of mer- 
cury for barometers? Why? 


( Iniludim Vapor pressure ) ( wn thort Va por pressure |) 
plat) = Yk + P P latm) = yh 


where b " vapor pressure 








Pado ) 
thus; p. Plt )~ fv j. c£ 
à 
<i 3N 
lol RUD ae l|, 6 XIb ES lO, 41D Aui 
| (A) For mercury . "i > 1 A2 — T = —; 
s33 $45 7-25 133 x p^. 
= 0,759 m = 0,754 ^m 
/ TU " T1310 X E 
? mo ^ E 101 X 1D Tmt 
(bh) for water. 4 = an” £e — BECAS. od 
4 90 x103 X 4. go eo 
m3 MA 
s fi. d ^m = 10.3 rem 
3 J 
Cc ) For ef^, | 101 x10 Z — 5, 1 xb A £ 5 Jor x 1d LN 
alcohol ! TES T —__—, 
7. 7*x10? NM 77¥ x10, 
fm 3 Mm 
= 12.3 m = [2.0 m 


Yes. For mercury barameters the effect of vapor pressure 
IS e A J and the regusred height of the mercury 


Column /s reasonable. 


ra 


2.27 A mercury manometer is connected to a large reservoir of 
water as shown in Fig. P2.27. Determine the ratio, 4,,/h,,, of the 
distances 4, and A, indicated in the figure. 





but f^ = f^ = Òm [ 2p) m FIGURE P2.27 


Or 
( £,) hw = (2 f - Yu ) hm 


so that 

h = (2 ¢ - dw) = — _ m = 

Lt c— pam =2 56, / J where S6, fy z13.56 
Thus, 

hw 


“he =2(13.56)-| = 26.1 
m 


e — 4. 
eae 
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3.28 


=~ Closed valve 







2.26 A U-tube manometer is connected to a closed tank 
containing air and water as shown in Fig. P2.28. At the closed 
end of the manometer the air pressure is 16 psia. Determine the 
reading on the pressure gage for a differential reading of 4 ft 
on the manometer. Express your answer in psi (gage). Assume 
standard atmospheric pressure, and neglect the weight of the air 
columns in the manometer. 






Air pressure = 16 psia 


2 ft 
Gage fluid 4 
(y = 90 Ib/ft?) ressure 
gage 
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Hemispherical dome 


| 
| 






| 2.24 A closed cylindrical tank filled with water has a hem-  _ Aa IET 
| ispherical dome and is connected to an inverted piping system ();p,/. >. 4 
as shown in Fig. P2.29. The liquid in the top part of the piping 
system has a specific gravity of 0.8, and the remaining parts of 
the system are filled with water. If the pressure gage reading at 
A 1s 60 kPa, determine: (a) the pressure in pipe B, and (b) the 
| pressure head, in millimeters of mercury, at the top of the dome 


(point C). 


— — oe — 


(a) D 7 CS Cà, ,) (Fm |] + 5 (2m) = fo 


B= GoAR + (o e )( Pei x0 9.) (3m ) + (Peo B.) [2m ) 


= $108 k 


6) — s h- Gy, (5m) 
Lo &P, - (9.80 xi, JG» ) 


3 
£n. xl) E 
m 


li 


L 


3 N 
E P. 7 30,L XI pem 


= 3 a 5,234 
a 3 v = 
3j [93A JEU cS 








j 
= 5230 m (Hmm) = 230mm 
= LLECE. 
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2.30 


2.340) Two pipes are connected by a manometer as shown in Fig. iss 
P2.30. Determine the pressure difference, pa — ps, between the pipes. 4 


13 m 







Gage fluid 
(SG = 2.6) Water 
x 


BFIGURE P2.30 
* t d o (0.50 0.) — m (Gib) g Qs, (130-0 5 )* f. 
Thus, 


P-t s 5, (obm) ines P ( 0, 5m t O bm t l3m —0, S ) 


i] 


(2.6)( 9.81 BY otm) - (7.302% (1.00) 


— 332 RR 


if 
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2.31 


2.3] A U-tube manometer is connected to a 
closed tank as shown in Fig. P2.31. The air pres- 
sure in the tank is 0.50 psi and the liquid in the 
tank is oil (y = 54.01b/ft?). The pressure at point 
A is 2.00 psi. Determine: (a) the depth of oil, z, 
and (b) the differential reading, h, on the ma- 
nometer. 





FIGURE P2.3 





Thus n 
? . h-hu | ( 2 4-65 db, fein | 
re ES. ete tees = T, WES 


IL? 


a) P * Yy late) - (sey, ) . =0 


[hus, 
"p. + Soi [2 £t) 


(S&) ( Sro ) 
[À Bye i). (5.0 2, (2 te) 


(3.05)(62.4 Py) 





Aa 





=v 
= 


= 7. 00 ft 
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4.32 


2.32 For the inclined-tube manometer of Fig. P2.32 the 
pressure in pipe A is 0.6 psi. The fluid in both pipes A and B 
is water, and the gage fluid in the manometer has a specific 
gravity of 2.6. What is the pressure in pipe B corresponding to m 
the di‘ferential reading shown? + Vas 
3 in. NS ; 

i 





FIGURE P2.32 


3 
fj * Oy (ate) - 5 (S )sinie — & (iQ) 
(where Yar s The Specife weight of the gage Fluid) 








Thus, T 
P, = [2^ = Ka CS f) 5/4 30? 
Ib 
= (0.6 ne ) - Aere h, GE A) (os) +303 fe 
z 323 w/k TAR. At*/Rt^ = 0.224 psc 
2.33 


2.33 A flowrate measuring device is installed 
in a horizontal pipe through which water is fow- 
ing. A U-tube manometer is connected to the 
pipe through pressure taps located 3 in. on either 
side of the device. The gage fluid in the manom- 
eter has a specific weight of 112 lb/ft. Determine 
the differential reading of the manometer corre- 
sponding to a pressure drop between the taps of 
0.5 Ib/in.?. 


Flowmeter 


Flow 





fee PB and $, be pressures at pee taps. 
Write manometer Lguetion between f andp, Thus, 


pry (A Aly 4 - X = 





ho i H 
So That 
E ib yf ug in 
4 = AR = (0.5 s wee) 
bgt - Vuzo EFA A 62.V re 
= 1.45 ft 


——— LLL 
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4. 34 


2.34 Small differences in gas pressures are 
commonly measured with a micromanometer of 
the type illustrated in Fig. P2.34. This device con- 
sists of two large reservoirs each having a cross- 
sectional area, A,, which are filled with a liquid 
having a specific weight, y,, and connected by a 
U-tube of cross-sectional area, A,, containing a 
liquid of specific weight, y,. When a differential 
gas pressure, p, — p, is applied a differential 
reading, h, develops. It is desired to have this 
reading sufficiently large (so tliat it can be easily 
read) for small pressure differentials. Determine 
the relationship between h and p, — p; when the 
area ratio A,/A, is small, and show that the dif- 
ferential reading, h, can be magnified by making 
the difference in specific weights, y; — yı, small. 
Assume thatinitially (with p, = p,) the fluid levels 
in the two reservoirs are equal. es 
intfial 


/€ ve / 


———À 


initial leve / buc dim 
fer gage Flac 





When G di FLlerentia / pressure, ZUR, is applied we assume fhet level in left 
yéserveir drops by a distance, Ah, and right level rises 8y 4h. Thus, 
The ‘nanometer eguation becomes 


fex4-44) - 3 - X (3, 4424 
B-&*X4-àáe- y (244) (1 } 


Since The he uids jn The manometer are incompressible, 


AÀ A, = HA, or 24b. 


qnd if AE (5 Small Then AAh e« h. and last term in EQ.(I) 
can be neglected. Thus, 
dox (3-5) 


oy P -p 
$ = 


or 


PERE 
DM i nl ae 
qnd large vales of h can be obtained for Small pressure 


differentials if (f, 7 e, is Small, 
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2.35 


p. s The cyclindrical tank with hemispherical ends shown 


O 

in Fig. P2.35 contains a volatile liquid and its vapor. The liq- Vapor // id 
uid density is 800 kg/m’, and its vapor density is negligible. pos 

The pressure in the vapor is 120 kPa (abs), and the atmospheric | 13 
pressure is 101 kPa (abs). Determine: (a) the gage pressure read- | m ne y 

ing on the pressure gage; and (b) the height, ^, of the mercury C Je je i | 
manometer. - | n BB 

lm 
“Mercury 





mM FiGuRe P2.35 


(a) Let d, 5p.ut. of liquid z (00 23 )(431%): 1850”, 
and 


Toa per (Gage) 3 i2o-&P, (abs) a lol 4. (abs) = LIRR 
Thus, 
ere BER E 5 (im) 
19 X10" E $ (7.850%, ) (Vm) 


2 6. 7 -kR 


IH 


(b) END + S Ens) - Lm (A) zo 
lexi + (7850%,) (im) - (133x9 NA) =0 


>, = Ork- G- 4. A 
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2.36 


SG = 0.90 N. 
^ 
2.36 Determine the elevation difference, Ah, between the 
water levels in the two open tanks shown in Fig. P2.36. Ci) 
V 
TE 
TD EIE 
im MEDNBS 
| niunt 
& FIGURE P2.36 Mtt 





[ 24121 22 f 
EEDE LIFTET SERED Q243213133 24^ 


Water 


ya xt + (Sa) uo (0.4m) + n (4- 0.4m) + Y, (Ah) = f 
Since P 70 


li 


A42 04m — (0.9) (0.4m ) O. 040m 


2.57 


Open Open 


2.37 For the configuration shown in Fig. 
P2.37 what must be the value of the specific 


weight of the unknown fluid? Express your an- 
swer in |b/ft*. 





FIGURE P2.37 
let y be specific weight ef unknown fluid. Then, 


“na bese fe] ^ y [62:94] x, ee a 


y= LR | (5-10) - (49-33) Jin fez 2 ll fete 


( $3—1W) in. 


ane 





4. 
1.9 


A-30 


ad 3 f Ocean surface 





2.38 An air-filled, hemispherical shell is at- 
tached to the ocean floor at a depth of 10 m as, 
shown in Fig. P2.32. A mercury barometer lo- 
cated inside the shell reads 765 mm Hg, and a 
mercury U-tube manometer designed to give the 
outside water pressure indicates a differential 
reading of 735 mm Hg as illustrated. Based on 
these data what is the atmospheric pressure at the 
ocean surface? 





Mercury 






Shell 





FIGURE P2.35 


let: A ^ absolute qi pressure inside shell = Sita (o. TS.) 
bp, ~ surface atm os pherie pressure 
m ~ specitic weight of seauuter 


Thus, manometer eguatıion Can be written as 


Pin 2 4. (lom ) P -~ (o S60 ) * oy, (6723544) = R 
Jo That 


PF * = E (10, 36 ^m ) + “it (8795 an ) 


(133 $X (osm) ~ (10.1 $ ) foe) + h33 $E, foe) 


H 


I| 


747 45 
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*2. 37 


*2.37 Both ends of the U-tube mercury ma- 
nometer of Fig. P231 are initially open to the 
atmosphere and under standard atmospheric 
pressure. When the valve at the top of the right 
leg is open the level of mercury below the valve 
is h;. After the valve is closed, air pressure is 


applied to the left leg. Determine the relationship 
between the differential reading on the manom- 
eter and the applied gage pressure, p,. Show on 
a plot how the differential reading varies with p, 
for h; = 25, 50, 75, and 100 mm over the range 
0 < p, = 300 kPa. Assume that the temperature 
of the trapped air remains constant. 








Iv, 7 The valve closed and a pressive, fs, applied, 
R- 4,44 « 2 
eov 
aj. A-A 
Hg 


tJhere P and £ are gage pressures | Er user! 
Com pressios of Tra pped air 
L= Cons fant 


So Mat fr constant air mass 
aie be 


Where + (s air volume , T 15 absoluk pressure, and tc and T 
vefer to Initial and faf states , respectively, Thus, 


Pen Y = (ft ae )*z (2) 


for qi Trapped in right les. ve = A. (Aree of tube ) so That 
E4.(2) can be written as 
he 


: Pam | 


Substitute Ef. (3) gi £9 


Lhe "LEE Py, á-; Y-2) 3) JE (4) 
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(4) 


(cont) 
Equation C+) Can be Cx pressed in he form 


2. * ux 2 È ke - 
(aR) (af Arf) ah + uS ow 


and the roots of This guadratic Egua tion ave 





To evaluate Af The negative Sign (S used since 4h70 for fa =O. 
Tabulated values of SA for various Values of fa Gre given 

/n the following table for different valuts of ^; ( With P, = lol k 
Qn Mg = /22 EN /m >) A plot of the olata fo ows. AT 


hi patm Y ho Pg Ah(h, = 0) Ah(h=0.025) Ah(h=0.05) Ah(h=0.075) Ah(h=@.1) 
(m) (kPa)  (kN/m3) (kPa) (m) (m) (m) (m) (m) 
0.025 101 133 0 0 0 0 0 0 
0.05 101 133 30 0 0.0110 0.0212 0.0306 0.0394 
0.075 101 133 60 0 0.0182 0.0354 0.0517 0.0672 
0.1 101 133 90 0 0.0231 0.0454 0.0668 0.0874 
101 133 120 0 0.0268 0.0528 0.0781 0.1026 
101 133 150 0 0.0296 0.0585 0.0867 0.1143 
101 133 180 0 0.0318 0.0630 0.0936 0.1236 
101 133 210 0 0.0335 0.0666 0.0991 0.1312 
101 133 240 0 0.0350 0.0696 0.1037 0.1374 
101 133 270 0 0.0362 0.0721 0.1075 0.1426 
101 133 300 0 0.0372 0.0742 0.1108 0.1470 
0.16 "od 





* 
À 
E 
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2.40 The inverted U-tube manometer of Fig. 

P2.40 contains oil (SG = 0.9) and water as | 
shown. The pressure differential between pipes 

A and B, p, — pg, is —5 kPa. Determine the 

differential reading, h. 





BFIGURE P2.40 


5 - Y, (aam) Y (A) + ¥ (03m) =A 


Thus 
: (f -4,) + mA (6,2) - Site o (0,3) 
A = Yo; l 


5x10 Z, ~ (9, 20xi0 "e Vio, hai.) 


— = 0,449 m 
fas x10° -, rail OR, Apis 
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Carbon tetrachloride 
2.41 An inverted U-tube manometer con- EEE 
taining oil (SG = 0.8) is located between two if 4 





reservoirs as shown in Fig. P2.41. The reservoir 

on the left, which contains carbon tetrachloride, 

is closed and pressurized to 8 psi. The reservoir 3 ft 
on the right contains water and is open to the 
atmosphere. With the given data, determine the 

depth of water, h, in the right reservoir. 


FIGURE P2. 


Let Ê be The am pressure in lett reservoir. Manometer egua bor 


Can 5e wW ri Hen as 


D + Ca 0 ft-ift-Vi& -0.7 ft) +o (oTt) -Y (R-1 fe- 18) - 5 


Jo That 
ichs JE - T » cce, (0,3 tt) + D (0.748) 


"PP 


(9 3. fne, 2) e (065 16.) (0.3 fe) «S10 po ot 


eZ, v cm 


+ 2ft 


l4 


+24tt 





ji 


3 /.6G FH 
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242. 


2.42 Determine the pressure of the water in pipe A shown in Fig. 
P2.42 if the gage pressure of the air in the tank is 2 psi. 





Water 
fh dh (oth, +8yhy equ, FESUR ham y 


or 
PA - + Oy (A, + 0.9 harha) 
= 2 ign (AER) + 62.0 ds (7 HOI (aA) 18) 
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2.43 In Fig. P2.43 pipe A contains gasoline 
(SG = 0.7). pipe B contains oil (SG = 0.9), and 
the manometer fluid is mercury. Determine the 
new differential reading if the pressure in pipe A 
is decreased 25 kPa, and the pressure in pipe B 
remains constant. The initial differential reading 













a. 
is 0.30 m as shown. E EM 
- Mercury ve - 
E 
FIGURE P2.43 
for the mihal Con figuration . 
Pa tu (0.3m) - Uy (0.3m) - ej, (otm) = te ui 


[jh a decrease (n Ê to P Gage fluid levels Change s 
: A ,. ^ : 
Shown en Figure i Thus, for tinal Clow figuratiOn 5 


Tat ag (637) - Fig (4h) = e) (o. +a) = C2) 


Where all lengths are in m. Subtract Eg (2) trom E2.0) de 
Obtain, 


( 
fob + dul ~%, (03 -4h) + dn) = 0 z 


J/nce e € ~Ah = 0.3 (see figure) TA en 


ge e 3-Ah 
P 


ane — Yrem £4 .() 


A cg (529) Sig fno) + ds (858) e 
Thus, 
pp = Tote + Gas (0.15) -dya (0.3) + i (0.18) 
-öp r fae s 3e 
and with fy -f = 258 Pe | 
Ag = 1p + (0.,7)( 7. 81 £5 0-6) - (23 an Ne 3an ) t (oe eio) 


— /a8 $5, + (6.2) 6.0 2r) + (0.99048) 5) 
2 ae 





T OLOO m 


2377 


2 u4 


2.44 The inclined differential manometer of 
Fig. P2.44 contains carbon tetrachloride. Initially 
the pressure differential between pipes A and B, 
which contain a brine (SG = 1.1), is zero as 
illustrated in the figure. It is desired that the ma- 
nometer give a differential reading of 12 in. (mea- 
sured along the inclined tube) for a pressure 
differential of 0.1 psi. Determine the required 
angle of inclination, 6. 





FIGURE P2.44 


When fo, =p iS increased to £f, the lett column falls a 
dts but GQ, and The right Column vises a distance b along 
The Inclined tube 4s Shoun m figure. For This Anal ten tiguration ` 


tX, Chet a) e Keg (a +b sin8)- X, (Ai bus) dj 


t-te + (%,- U9 )\(a+bsre)=o (1) 
The d: Herentjal reading, Ah, along the tube js 
4h = iss tb 


Thus, Lrom E7. 0) 
'— f E [ d, - TA (áh see 
Or - (&'- 2, 


nie ug to a he Se EU T 


[X X XA 
qnd with b'-4 = O, ls. a ) 
oe - (01 4, (im 2 2 





PAE.) a SE SN = O, 4bd 
Ib bi ft 
|n gs )- UE! & ft) 
Je Ah = [2 In. 
Thus, 


Oz278 
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| 2.95 7 


2.45 . Determine the new differential reading 
along the inclined leg of the mercury manometer 
of Fig. P2.45, if the pressure in pipe A is de- 
creased JO kPa and the pressure in pipe B remains 
unchanged. The fluid in A has a specific gravity 
of 0.9 and the fluid in B is water. 





FIGURE P2.45 


Fer the sinitio/ Con figura tion ` 
P + &,f0.1) + D (0.05 sin 30°) = Xo (0.08) = f (1) 


where all /engths ave mm. Shen p decreases left Column 


moves Up e. distance, 2, ancl righi Column Moves down 
a distæne A, QS shown in figure. For The final Configuration ; 


É + Y ( 6.1 - à sin 307) + m P sin 30° + 0.06 sin 30° +a) — 
m C2 
pm t, (0.08 +a) 7 To i 
lo here $ 1s The new pressure in pipe A. 
Subtract Eg (2) trom Eg. (l) to obla 
^ -5 + % (4 sin 30°) — My, & ( sin 30°+1) + Yt) = 0 


Thu 
Al = 


Yg ŝiN 3 b^ = 5s ( sin 30°+1) p A 
For hh 10 ka 


— 1o AX 
OH dq ——————— ——— 
(0,4)(4.81 9" )(o,s) - (133 £X Vloses)+ t 9077. 


T e OS540 lyri 


New differential reading , Ah, measured along inclined tube is 
equ to 





= ^ + O, 05 + Q. 
Ah Sin 30° 
-— ©, 
"- ges m 0.05 mm + 0,0540m = CO.212 ^" 
0,5 enema tec 
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2.4G Determine the change in the elevation Water 
of the mercury in the left leg of the manometer 
of Fig. P2.46 as a result of an increase in pressure 
of 5 psi in pipe A while the pressure in pipe B Area =A; — 
, remains constant. 










FIGURE P2.46 
for the inidial configuration ; 
EE (7) 


6 . o ) 2. 
p^ Yd X ol # ) - Oha 72 sin 30°) - Oy tcs B 
there all Jengms gre in £t. lJhen p, increases +o p, The 


left column Falls by The distance, a, and The right Column 


Moves up The eis tance , b, as Shown in The Agure, for The 
tinal Configuration ' 
( 


eG . 2,0 o 
fin Ya (Bra) (en aiso, b sinso) - 


bi (4 - 4 sin 30") = $ 2) 
Subtract Eg. (1) from Eq 1) to obtain 


P, -— 2, + oy o (a) = & (4+bsin30°) + os, | ( L sin 30°) =O (3) 
Since The volume of liquid must be eensjani A,4 z A, b 
er [4 in)? =- [$in yt 
b za 
Thus, E4.(8) Can be written as 


So That 


$y - P T o, la) » y, (a + a sin 30^) + oj (4a Sih 30°) =. 
v (ta -Pa ) . —1[5 fe (me t 
Figo i, OAB Gago (rr I) eat) 


= 0.30" ft (down) 


ana 
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2.47 The U-shaped tube shown in Fig. P2.47 initially contains 
water only. A second liquid with specific weight, y, less than 
water is placed on top of the water with no mixing occurring. 
Can the height, ^, of the second liquid be adjusted so that the 
left and right levels are at the same height? Provide proof of 
your answer. 





BFIGURE P2.47 


The pressure &t Point (i) must be equal te 
the pressure at  punitz) Since The pressures 


at e€4ua| elevations in a Continuous mass 
of Fluid Maust be The same, Since, 


zh 

Bd, u^ 
These +wo pressures Can only be egual vt 
y= Yuzo . Since Y$ yo the Con Ag uration 
Shown n The figure ls Not Possible. No. 


Ank 
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*2,48 An inverted hollow cylinder is pushed into the water as 
is shown in Fig, P2.48. Determine the distance, £, that the water 
rises in the cylinder as a function of the depth, d, of the lower 
edge of the cylinder. Plot the results for 0 = d s H, when H is 
equal to 1 m. Assume the temperature of the air within the cylin- 
der remains constant. 





BFIGURE P2.48 


For constant temperature Campressien within the Cylinder, 
tug n 
where H 4 the am volume , And c and f refer jp» she 


laitia! ana tinal Sarees, respectively . L^ follows that 
(see Agure) 


T5 he, $:é(d-£4/ + fes, 
Yo Zor d =F D*(# -2) 
Th M5, from E3. (D) 
bi (Zou) = (Yta-2,) Tot C-A) (2 ) 


Ana with "T 
fL Io) kPa, FF 7.805 , and H = lm 


302) simplifies te 
(*— Cadtin.3))L + d (im) =o 
So that ( using The Quadratic Jormu la ) 


f. (aen x Vatrumedtvy 


= 


Synce for A=0, Lao The negative Sign should be 
Used dne 


4 = (&su3) - V d?418.b1d +128 
Z . 


Tabulaled data wim te Corresponding plot are 
Shown on the following Page. 


(Con £) 
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Water rise, Í (m) 


(lont 2 


0.000 


Depth, d (m) 


0.000 
0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 


0.200 


0.007 
0.016 
0.024 
0.033 
0.041 
0.049 
0.057 
0.065 
0.073 
0.080 


0.400 


2.743 


Water rise, t, (m) 





0.600 
Depth, d (m) 





0.800 


1.000 


2.50 


*2.50 A Bourdon gage (see Fig. 2.13 and Video V2.3) is 
often used to measure pressure. One way to calibrate this type 
of gage is to use the arangement shown in Fig. P2.50a. The 
container is filled with a liquid and a weight, *W, placed on one 
side with the gage on the other side. The weight acting on the ` 
liquid through a 0.4-in.-diameter opening creates a pressure that 
is transmitted to the gage. This arrangement, with a series of 
weights, can be used to determine what a change in the dial 
movement, 0, in Fig. P2.50b. corresponds to in terms of a 
change in pressure. For a particular gage, some data are given 
below. Based on a plot of these data, deter mine the relationship 
between @ and the pressure, p, where p is measured in psi? 


W (lb) 1.04 E 3.23 | 4.05 | 5.24 | 6.31 
20 60 80 


p (deg) 100 | 120 


Vay (bd 


eu 
Gum 





-P 











Bourdon Gage 


M FIGURE P2.50 


196 Wb) (1) 











Aree. dr -\2 
1 (0.4m) (where bL in pst) 
Frem Graph 
I-00 Ò 
3o That from Eg. l7) 
‘J 
? [ps & 10.0522 0 
yea 
Gro 
Dl ps’) = 0.414 O 
Theta, deg. W, Ib 
0 0.00 | 
20 1.04 800 W = 0.0522 © 
40 2.00 - 
60 3.23 E 
80 4.05 € 
100 5.24 s 
120 6.34 





50 
Theta, degrees 


100 150 





2.5] 


2.51 You partially fill a glass with water, place an index card Car d 
on top of the glass, and then turn the glass upside down while d 
holding the card in place. You can then remove your hand from 

the card and the card remains in place, holding the water in the 
glass. Explain how this works. 





In order lo hold the index card in place when the 
glass is inverted , the pressure al the card- water SITE 
interface , ,, must be f A=W where Ais the upright 
areq ot the glass opening and Wis the card weight 
Thus, P, =-W/A. Fence, PFR -ëh or 
P = -WA - Y^ (gage). 


Since the amount of air in the glass remains. the 
same when il is inverted 


QAM, = G AH; , where u and í subscripts 
refer to the uptight and inverted conditions. Thus P 
: inverled 
W H= fy h, Bet 7 eKT so that 


b) E des» = Y provided the temp erature 





remains constant * Ty = Ta. Note : Since we are Using the pertect gas law 


the PPeESSUL ES myst be absolv]e — fu = Paim f; = f< - W/A- + fal 
Hence, from Eqs. (1) and (2): 


(3) H; ri 2.) hy That is, when the glass is inverted the column 
faim | of air inside ex pans slightly, cavsing a small 
gap of size AH between the lip is the glass 
and the index card. From Eq.(3) this AH is 


Palm 
fin -WA - fh ) Ay — Hu = I kj H, 
Tf this gap Is “large enough "the water wovld flow outof the glass and air into if. 
1f dd is'small enough / surface tension will allow the slight pressure difference 
across the air-water interface Lie., p, =- W/A) needed to prevent flow and 
thus keep the index card in place. Recall from Equation (1.21) in Section 1.9 


(4) AH=H,-Hy =( 


(con't) 


2-^5 


(con't) 


that the pressure diffenence across an interface is 
proportid nal to the suptace tension of the liquid ) 5 
and the radivs of curvature, R, of the intertace. 

That I5, f^" T/R 

Thus, for small enough gap, ^l, which gives a small 
enoigh interface radius of curvature, R, surtace 
tension is large epevgh to keep the water trom 
flowing and the index card remains in place. 


Consider come typical numbers to obtain an 
approximation of the gap predyced. 





Assume h=3in.=0.25 H, H Zin, = 0.1874 qu, /7 psia, 
and W/A <<bh. That fs, the werzh} of the card is mych fess than 
the weight of the water in the glass (ie, W<< Ah), 

Hence, from Eg, (4): 


A Lh E 62,4 ft, (0.2.5 ft) 
alaf ) Hy T 


faim -Uh Boves) esed ozono | ii 


or 
AH = 0.00024 f! = 0.0/4 in. 


This is apparently a small enough gap To allow surface tension to keep the 
water in the glass, qir ovtot it, and the pressure at the wafer -cand 
interface low enough to keep the card in place. 


2-H6 
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2.52 A piston having a cross-sectional area of 
0.07 m? is located in a cylinder containing water 
as shown in Fig. P2.52. An open U-tube manom- 
eter is connected to the cylinder as shown. For 
h, = 60 mm and h = 100 mm, what is the value 
of the applied force, P, acting on the piston? The 
weight of the piston is negligible. 





FIGURE P2. 52 


For egurl brium J P= » A, Where i ss the pressure acting 
on piston Gad A, ss The area of the piston. Also, 


or 


= (133 EY )( o, 100m) - (2.9024 ya obom) 


m 3 


= /2.7 RM 
1 2 





Thu 
7 P = [12.3 X a” E. )( 4. o7 m?) = gg? N 


| EE 3 
| 2.53 A 6-in- diameter piston is located within a cylinder 
| which is connected to a 3-in.-diameter inclined-tube manometer 
| as shown in Fig. P2.53. The fluid in the cylinde; and the ma- 

nometer is oil (specific weight = 59 Ib/ft?). When a weight W 
is placed on the top of the cylinder the fluid level in the ma- , 
nometer tube rises from point (1) to (2). How heavy is the 
weight? Assume that the change in position of the piston is 
negligible. 


| 





N FIGURE P2.53 


With piston alone let pressure on fece ef piston = Po ) ane 
Manometer 2guetion becomes 


^" - o, Á Sin 30° =o (1) 
with weight Added pressure ?, Jucvreasés Jo A where 
( w 
Bie Bt Go (Apn area of piton) 
aha manemezer e$ uation becom es 
6 4 e - 
5. bi) (4,+ 3) sin 20 =o i 


Subtract Eg 1) from n Je obtain 


É-5-75, 


$ ^ £ ft) 5/4 Jo* 


e 






Uo ML. Qe, (Rtt) sin 30° 
? 
So That 
- (59 £ ds) #)o5) 
ancl 


“Y= å2.9Fo lb 
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2.54 Acircular 2-m-diameter gate is located on the sloping side 
of a swimming pool. The side of the pool is oriented 60^ relative 
to the horizontal bottom, and the center of the gate is located 
3 m below the water surface. Determine the magnitude of the 
water force acting on the gate and the point through which it 
acts. 





Fe = ful * YHP, where h,=3m 








Th vs, 
Fe =(9.8 ES (2m)(ZtamP*) = 942 kN 
Also 
Ya Ye = T : where for a circle I,. = ae = vm). 7 m“ 

and cos30 = he so that 

a he 3m h 
Xt So sy = 376m d r2 
Hence, 
S = Tyc T m 

Ve- Ne -XYA^ ra = 0,0723m 


(346m) E (2m) 


Thus, the resultant force acts normal to the gate and 
0.0723 m from the centroid, along the gate. 
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2.85 A vertical rectangular gate is 8 ft wide 
and 10 ft long and weighs 6000 Ib. The gate slides 
in vertical slots-in the side of a reservoir contain- 
ing water. The coefficient of friction between the 
slots and the gate is 0.03. Determine the mini- 
mum vertical force required to lift the gate when 
the water level is 4 ft above the top edge of the 
gate. 


F= YALA 
(62.4 2, (8 (2 tt «10 #) 


T 





= 34, 400 lb 

ri PeT z 

Thus, 
N= Fe = 39, 400 |b 
| (0.038) F, 

Z Fverlicsl =O Fe "UN 

Thus, 
booo ib 


E = (eoo lb + (0.03)(34 100 lb) 


E. ^ Maximum 
frictional force 


Fa force + lift gate 


= 72oo lb 
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2.56 


2.56 A horizontal 2-m-diameter conduit is 

half filled with a liquid (SG = 1.6) and is capped 

at both ends with plane vertical surf aces. The air 

pressure in the conduit above the liquid surf ace 

is 200 kPa. Determine the resultant force of the Á, ^» arta ot- 
: : l 

fluid acting on one of the end caps, and locate Cnel 

this force relative to the bottom of the conduit. xm 







Fair 

F resullunt E 

d. ligu 
dis. 
Oo — 

A, Area 


‘ i Covered by liguid 
= pA, where p ts air pressuve 


hus” 
Fair = (200 xi S (X (2o) = aeem x10 A 


= YA. A, Where +. * lS (see Fig. 218 ¢ ) 











+h Pingu 31T 
d 3 N (I i 
F gui - Gana ds | A y Gm) - toe x10" n 
Fov Fliguid J " 
pn T di- 3 - Where Pas 0.1048 R (see D 218c) 
c amd d. = Å. T = 
h 
T "y . 0.1088 Clan)’ , WU 2 soria 
R 2 j 
[1€ (i e EE) 2) 3 mT 
3 
Since Pet ian = 28 t ‘code = (aeem + io.S )xlDN = b37 EN | 


we Can sum moments abeut O + locate vesul tant da obtain 


Ft t (4) = 24 (1m) * Fiju weal (1mm — 0, 584 la) 


so thet 
(aeoT xi a (im) + (10.5 xi N) (0. ioa m) 
634 x 103 N 


= 0.990 m  abeve beHem of conduit 
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2.57 


(3) 


2.57 Forms used to make a concrete basement wall are shown in 
Fig. P2.57. Each 4-ft-long form is held together by four ties—two 
at the top and two at the bottom as indicated. Determine the tension 


in the upper and lower ties. ASsume concrete acts as a fluid with 
a weight of 150 lb/ft’. 


(1) 


(2) 


or 
4, = 3.33 H 


Form 10 ft 





A width = 4-H 





s. F, 0, or +h =F EFIGURE P2.57 

and 

2M,=0, or LF * EE = La Fe , where I, = 4, - dh. A 
Thus 


Fa = 180] (5H) (10H 4H) = 30000 lb 
Also, I 
Da = 10H — Yr = lott - y, -Cyg y, ) e 10 eh- T 


ZA 
- B ECDC IONS 
lof SA - T OH HAD 


-5Í11-/42fl 


Thus, from £o. (2): 
(9 FF, * (180) E, = (3.33 H) (30, 00016) = 99 900 fl-Ib 


or 
gf, +f = 99,700 

From Ee 0), F,tfa = 39000 lb or E, = 32020 - F, 

Thus, from E 9. (3), 

7 F, +30000-F =99 900 


on 
F.=8 7470/6 so that E, = 30 000/b — & 7¥ 0/6 -2/ 260 l 





2.58 


2.58 A structure is attached to the ocean floor as shown in Fig. T 
P2.58. A 2-m-diameter hatch is located in an inclined wall and 
hinged on one edge. Determine the minimum air pressure, P» 


within the container to open the hatch. Neglect the weight of the 
hatch and friction in the hinge. 


Free surface 


hy ITF. 
pe EI ER EE ES EIT gE I A a a a a 






W FIGURE P2.58 





for SAA where dom lmt 4 (2m) 51030" Hy 
= /0,5m Fe Th 
Thus, 
E= (t0. 110 X, )(to o Mus)" PA 
= 9233xl05 
Jo locate Fe, 
Je? C4 + $c td here ys A. + lan = Zl 
Jo Thet 
p” (FXlon)* + 2lay = àl. 0/2 m 
(Zl m Vit) lan) ? 
Fer equilibrium, 
Z M,-o 
Jo That 


A ( 34.0/2 2 — 20 m) = £0 s) (Ia) 


pe (3.33 X107 N )(1.012m) 
"JN T (lan)* (lan) 


Qna 


= /07- la 
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2.59 Along, vertical wall separates seawater 
from freshwater. If the seawater stands at a depth 
of 7 m, what depth of freshwater is required to 
give a zero resultant force on the wall? When the 
resultant force is zero will the moment due to the 
fluid forces be zero? Explain. 


For a ?)4ro resultant force 
Fes = Fee 


f i. As i L^ fae A, 
Thus, for a unit length sf wall 
© 
(10.1 BX) (LEY (tm zim) = (o (E (Ra m) 


So That 


o 





$ s T. m 


Ln ov der for moment to be Jao, m and Fee must be Collineay. 


For Fg: Exec 32 (ro) d. L1 





v 
e|- 
3 
l} 


Similarls for Fre ' 


= (1m) (7.1m). 


hs (Z m) (nin tom) 





Thus, The  distunte to Le; trom te bottom (pon? o) IS 
For ey fhis dis tance s 


Tm — 5) T UPa , 
forces are nok Calhnear. No. 


ZAR ees = DZ, BPG 9 THE 


2 7h 


2.60 | 


2.60 A pump supplies water under pressure to a large tank as 


S TS SC 
l T 
shown in Fig. P2.60. The circular-plate valve fitted in the short 


discharge pipe on the tank pivots about its diameter A—A and is 
held shut against the water pressure by a latch at B. Show that the 


force on the latch is independent of the supply pressure, p, and the 
height of the tank, h. 


Water 





The pressure on the ale is the same 
as it would be foran opin tank with a 
" k T - Pei 


C 
as shown in the figure, —— k= 


he 
2. M =0,, or ie 


Ses | pe Fp 
0 (YX) Fe =R Fp "S — f 
B 
where 
Fp = fal = Yh(TR) = (pth) (TR) 
and f. or 2 


VEN MC EE IM 
Thus, from Eqs, (1) and (2) 


F = YR - Ye) F. — R 7 2 
B R R 4. fe th) (Ptah) ( R ) 
of 


Fg = yR „which is independent of both p and h. 


Supply 


Nf 


2.6! A homogeneous, 4-ft-wide, 8-ft-long rectangular gate 
weighing 800 Ib is held in place by a horizontal flexible cable 
as shown in Fig. P2.6} Water acts against the gate which is 
hinged at point A. Friction in the hinge is negligible. Determine 
the tension in the cable. 





R= AA thee hi CE] sn to 





- 
(2. "T: Arc fE (sido Nites 4 ft) 
= 3390 h 
/o locate Fre , 
Lue 
^t^ Gat 4 where Y= 3H! 
So That 


d Upi? 

5 m a 3ft = 46 + 
(3 Fe tf x tf) 

For eguilibrium, 


2 My —o 
and 


T ( $42 Koin bo?) = 9) (464) tosto.) + fe (2 44) 
(300 Ib) (44) (tns bo) + G 890 Ib) (2 £2) 


[7 (8 Ft sin te) 
= /350 lL 


243 | 


2.63 An area in the form of an isosceles tri- 

angle with a base width of 6 ft and an altitude of 
8 ft lies in the plane forming one wall of a tank 

which contains a liquid having a specific weight 

of 79.8 lb/ft’. The side slopes upward making an 

angle of 60° with the horizontal. The base of the 

triangle is horizontal and the vertex is above the 
base. Determine the resultant force the fluid ex- | 
erts on the area when the fluid depth is 20 ft above 
the base of the triangular area. Show, with the 

aid of a sketch. where the center of pressure is 

located. 


| en) d) 


= &0.43 ft 
it sede" -— 
Fe * oA, A = (79.8 dao Ft) sin Lo (5 (ott « eft) 








= 33. 400 lb 
| ; ri rd 3 
AR í 7 E +- Ye Where bs, : x (ettet) 
C 
"ia lero re)” 


+ 40,93 d  * dob fi 





AA 
T 


(20,43 FEG (6 fextft) 


[he force fe acts Through The center of pressure which 
is located a distance of 22 pp - 20,4 tt = 247 ft 





51 60° —— | 
Above The base f The triqngle. as Shown n sketch. 
SETS Ran EE NUNC a re 





2557 


| Q.64 


2.6% Solve Problem 2.63if the isosceles triangle is replaced 
with a right triangle having the same base width and altitude as 
the isosceles triangle. 


Fk = 33 900 Ib 
y'= 249 £4 


uo solution fe 
Pwoblem 2,63 ) 





Center o £ 
Pressure 


20 Lxgc 
AL OR (E3. 2.20) 
Where 2 2 
L ye e Lac C7 = 22 f+" f see Fi. 4.18 d ) 
and — 4,7 20,43 Ft [see solution do Problem 2.63) 


Thus, 32 ft” 


Man x. oo OE et ihe 4j e = > 
R (40.43 ft (i)e ttre) a tt EA 


[he torce Fe, acts Through The center of pressure witu 


/ 


Coordinates s 2,07 ft aad oF 1.49 Ft (see sketch ) | 
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2.65 A vertical plane area having the shape 
shown in Fig. P2.65is immersed in an oil bath 
(specific weight = 8.75 KN/m*). Determine the 
magnitude of the resultant force acting on one 
side of the area as a result of the oil. 





- -^ errs 
- «^ 
“Oil 

3s 
prrs 
TE 


T 
ees 

H 
Ife 

EH 


Break A ren inte two parts as shown ta 
For areal. 


= rte, A 


a 
EI 


= (3.75 $E, )( te (3) e) 
Thus, 
Fz =F + ye ALOAN + 73.34&M 
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Ligure. 


= 03,3 N 


= 379322N 
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| 2. 66 A 3-m-wide, 8-m-high rectangular gate is located at the 
, end of a rectangular passage that is connected to a large open 
tank filled with water as shown in Fig. P2.66. The gate is 
hinged at its bottom and held closed by a horizontal force, Fy, 
located at the center of the gate. The maximum value for 
F,, is 3500 KN. (a) Determine the maximum water depth, h, 
above the center of the gate that can exist without the gate 
Opening. (b) Is the answer the same if the gate is hinged at the 
top? Explain your answer. 





BFIGURE P2.66 


PD gate hinged at bottom 
È My =O 
So That 
(Hm ) Fiy za ji Fre c [o (1) 


UE oh, A = (a0 **. }(4) (31m x 8m) i a " 





li 





A 
= (9.90 X24) AN or He 
" n 3 "" 
du" zs +H = Ji (Im Y?) nm. Az ht4—-4e 
Je $ Bon En) 


= DD 
A + 


Thus 
) 33 / 5.33 
Lim) = 4 t 5 | ) Ex 4 — "A. 


And trom Eg. 


(4 am (85004N) = (4- $:25 (4.30 x 14)0.) AN 


2o that 
A, A, TL m 


(Con t ) 
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2.66 ( Cont) 


For gate hinged at top 


2 fy =6 hs 
Se That 3 f 
(4 a) E, * Le Fe (see figure ) (1) £, 
L) he re E Fh 
l= Yp- n = (En £4.) - (4-9) 

>- A t DEL 


Thus, From Eg, (1) 


(4m) l35004N) = (E23 44)/9.90x24) 4) AN 


and 
4, = 13.5 m 


Maximam depth for gate hinged at Top is 
less Than (maximum depth fr gate hinged at 
bottom, 
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2.67 A gate having the cross section shown 
in Fig. P2.67 closes an opening 5 ft wide and 4 ft 
hich in a water reservoir. The gate weighs 500 Ib 
and its center of gravity ts 1 ft to the left of AC 
and 2 ft above BC. Determine the horizontal re- 
action that is developed on the gate at C. 


F=\ ka A, where Aes = 44 TIÁA 
Thus, 
=(b2,4 vee (te £4)(5 t x Sft) 
= 15,600 lb 


Sn 


Ta locate F, , 





eo: 
"Sg “A, = dn 
-d MENÉ. 
where gr Fe t25 fi 72,544 
5 
So Tha t / 3 
y= BÈ (sti sft) + IRS FE = 12,67 Ft 
(1a. 9 fz EFEK SFE) 
Also, 
; c: £4, where hc], ( 9£2r9£2) 
So at 
> Veo (12 ft) (4) = Gat 2, Yiz 4) (3 ftxsft) = 11,230 lb 


For z uili brium , 


Z ^M, =o 
and p(y- 88) wife) - RYH) - R GR 
E 
jo That 
(15 boo /b Y 72. 61 tt- Jott) + (S00 It ) (1 £t) ~i, 230 KÈ rt) bam ih 
= ee 9 2 
C 4 f = 
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2.63 The massless, 4-ft-wide gate shown in Fig. P2.68 piv- 
ots about the frictionless hinge O. It is held in place by the 2000 
lb counterweight, W. Determine the water depth, A. 






Pivot 0 —- 
Width = 4 ft 





L- Yh. A tlkapte he 7 3 


1 
x 





I | &idalle Fe l ? 
4. Tye? _ Ta (ez h?) 
Ro £A * z (tg) 


+a 
2 








Fer egil brim, 


2 M,=? 
F d = Deft) Leve | A e d.c i 
Se that 


PEL a 
5 (Fu 6 nn 


Thus, 


T, (3(25ee /L )(3 #4) 
| (tzu VL) (bf) 


T 5. 2u44 
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*2.69 <A 200-Ib homogeneous gate of 10-ft. 
width and 5-ft length is hinged at point A and 
held in place by a 12-ft-long brace as shown in 
Fig. P2.69. As the bottom of the brace is moved 
to the right, the water level remains at the top of 
the gate. The line of action of the force that the 
brace exerts on the gate is along the brace. (a) 
Plot the magnitude of the force exerted on the 
gate by the brace as a function of the angle of 
the gate, 6, for 0 x 0 < 90°. (b) Repeat the 
calculations for the case in which the weight of' 
the gate is negligible. Comment on the results as 
0 — 0. 


a) For the free- body - diagram of The 
gate (see figure), 





Bg) " w (4 lose) = (F; Cos 6)(L sis e) + [Fy sind) (Dees 6) (4) 


Asna =L sin $ (assuming hinge and end of 


brace 


ZF =o 
So that 
Also, 
or ` 
S/h p= 4 5/5 8 
an A 


at sume eleva thon) 


E-yhA- Y (ASMP) (Qu) 


where W is The gate widTh , [ hus, Eg.) Can be wr, Hex aS 


3 
¥ (Z Ysin 6) w + g cose = F4 ( tos 6 sin Oe sii $ Cos 6) 


So That 


2 





B 
Cos d S/2 8 + Sin É Cos 6 


£= ( X4 9 sine + W cos © ( ££) Lane * w 





Cos é tan © + Sind 


For YV=62.+ b/fe?, L=5¢t, w= tb Ft, and W = 200/6, 


MECUE- GC toy g , 2201 


6B L ULL 
Cosh tanO tsing 


(cont) 
2-54 


tboo 7an0 +100 
Cos d fano + sing 


(2) 


(3) 


(Con't ) 


Since Sin g Y Sin ê Gag f= Sft, L=/2 ft 


and for 4 gwin D, Q Can be determined. Thus, Eg. 
Cun be ased P determine 7 Z5 d given e. 


(b) For 9W/7O, £3.13) reduces te 


Cosh fund v sing 


ana £314) can be used +o determine Fg tr a 
given &. Tabu lated data of Fz vs Ó tor 


Ath W=200/) ang Weolb are given belw. 


8,deg Fa, Ib (W 2200 Ib) Fp, Ib (W = O Ib) 


90.0 2843 2843 
85.0 2745 2736 
80.0 2651 2633 
75.0 2563 ^ A 2536 
70.0 2480 2445 
65.0 2403 2360 
60.0 2332 2282 
95.0 2269 2210 
50.0 2213 2144 
45.0 2165 2085 
40.0 2125 2032 
35.0 2094 1985 
30.0 2075 1945 
25.0 2069 1911 
20.0 2083 1884 
15.0 2130 1863 
10.0 2250 1847 

5.0 2646 1838 

2.0 3858 1836 


/+ plot of the data ıs Given on The 
following page. 


(Len Z) 
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CCont ) 

4500 r1 — — —— 
4000 
3500 
3000 +- 
2500 + 
2000 1—— 
1500 
1000 
900 + 


0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 9n 
Theta, deg 








Force, Ib 











(b) Cont? 


As OO Me Value of Fi, Can be determined trom Bg ty), 
2600 tan0 
Cos d tan@ Esing 


a 


JS/nce 
Sind = = sib 


it follows Mat PE 
Cos $7 7 1- sinó = / /- (&) sinb 
and There pre 


Mr 5. 2600 


Bo J- Ene F —_ OO —_———E—————==— 
/- 3) 5/8 tanb t 2 sing ji- E)n? e1À 5 er 


Thus as 0o 





Y 

4 
N 
> 
© 
0 


/$40 LL 


Fhqsically This result IN CANS nat far 6= Ô, The value of ip 
tS indeterm note | but fev any very small" volue of 5 P. 
wy// approach 18 40 lb. 
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2.70 | Anopen tank has a vertical partition and on one side 
contains gasoline with a density p = 700 kg/m? at a depth of 
4 m, as shown in Fig. P2.70.A rectangular gate that is 4 m high 
and 2 m wide and hinged at one end is located in the partition. 
Water is slowly added to the empty side of the tank. At what 
depth, ^, will the gate start to open? 





Wm CIGUR E P2.70 


Fe - y, 4 A, 


BE A | 
W heve 4 refers +o Gasoline . 


y (Foo A4. (231 (2o) (tm 2m) 
lio xt N = |[(O0 RN 
Fe. n D. hu ^r ue 
where w refers to water . 

. 3N Mh - 
Fk, = (2.80% 0N (h) (2m xh} 
where h is depth of water. 
Fe = (9.80 x10) A? 
For equilibrium : 

z. M =O 
jo that 

= ia 

Fe Aw = Fg, As w 1th "PE Gna RoBi 
Thus, (4.80 x 10°) PIE) = Gionlow) CX m) 


And hz 3.55 am 
Which ts The limiting Value for h. 





n 
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2.71 


2.71 A 4-ft by 3-ft massless rectangular gate is used to close 
the end of the water tank shown in Fig. P2.74. A 200 lb weight 
attached to the arm of the gate at a distance ¢ from the friction- 
less hinge is just sufficient to keep the gate closed when the 
water depth is 2 tt, that is, when the water fills the semicircular 
lower portion of the tank. If the water were deeper the gate 
would open. Determine the distance £. 





B FIGURE P2.7I 


Fp > rh A Ww heve h,= ic ( See Fig. 2.18) 
pio 


no CAS) CE) 
gs EEE) ron 


s £55 [L 
"le loc ate FR, 


jg" LA T 





Je 
— O©.10398 R* E GR p Fig. 2,18) g = 
ier) 7" 
= (6.1048) (2 £e) , +2) e que n 
4 (2H LH) Gs m ft)" 3T 
M an 


Foy mum 


2. I4 ui =O 
So that 
Yoo = Fe (1 $e + Ye) 
Ane i faint) = 2,53 4 
Zoo lb 
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E e 
2.72 A rectangular gate that is 2 m wide is | Water A 


located in the vertical wall of a tank containing 


water as shown in Fig. P2.72. It isdesired to have 
the gate open automatically when the depth of T 


water above the top of the gate reaches 10 m. (a) d 
At what distance. d, should the frictionless hor- As " | 
izontal shaft be located? (b) What is the magni- E 
tude of the force on the gate when it opens? | ^ 


FIGURE P2.72 


(a) Hs depth increases the center of pressure moves toward the centroid 
of the gate. Lf we locate hinge at Yp when depth=lomrd , 
the gate twill open automatically for any further inerease in depth. 


ZA (12 m )( m x 4m) 
Then 
d= "Pin [Om = J4dA.llm - 10m = J2.[l em 


(h) For the depth shown 


A * yf. A a (7.80 4” iam) (am x tam ) = 4] RN 
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2.73 


273  Athin4-ft-wide, right-angle gate with negligible mass 
is free to pivot about a frictionless hinge at point O, as shown 
in Fig. P273. The horizontal portion of the gate covers a 1-ft- 
diameter drain pipe which contains air at atmospheric pressure. 
Determine the minimum water depth, h, at which the gate will 
pivot to allow water to flow into the pipe. 


For eguili brium 
Zh) 


Fre x L = Fg x f- (1) 
Ree rhe A, 


(02,4 B2) (n xh) 
125 b 


H 


Right-angle gate 


Width = 4 ft 


Hinge 





& FIGURE P2.73 


FR, 


Ep the force on tne horizontal portion of the gale 
(which is balanced by pressure on both sides except 


for The area of the pipe) 


c YhG) e) = Gas 


Teo" 


Thus, from EQ. (/) with L 


po AFA) 


T- and 4:342 


Gash (E) = (4254) (34) 


h= L 98 Ft 


2.74 


2.744 An open rectangular tank is 2 m wide 
and 4 m long. The tank contains water to a depth 
of 2 m and oil (SG = 0.8) on top of the water 
to a depth of 1 m. Determine the magnitude and 
location of the resultant fluid force acting on one 
end of the tank. 





Use The concept ef The pressure ; h = tom 
prisem (sec Figure) , T 
Fer? G1 he, A, "E 
so That Fes 
Fe, 7 ( o. IAT ENA m oe) NI oov cna l 
= 71.85 AN ee E dos 


fka" $^. uw here P Is pressure at dept +, * Thus, 


Fog = (Yi) A) Cheer) sog) 3) =” Jim) 40m x 2m) = 344M 


A so, 

Fes * Diep he, A, So That 

Fas Ying (8 (4a aur) = (9-80 N (am eau) = 39.2. by 
Thus, 


t Fe, they C DLRSÁM + SHAN + 39.2 AN = TE SRN 


fz 
To locate E jum moments around 444s Through ð, 50 That 


Fi te = Fay + Fea te t fg, da (n 


Where d, is distance te Pe. Since frij a, and Fay, act Through 
The centroids of Their respect ve pressure prisms iF follows That 


d) = $ (Im) 


And from Èy a) 
(7. 254 wl SY im) - (3). Ay (2m) 4 (39.2 ku )( 1m + tt) 


- = = 2 
) d, = Im d bag Am) dy > Im * 5 (2m) 


d= 
76.9 kN 
= 2.03 ^ (below oil free Surface ) 


Zo fi 





ee ee ee SS ES S0 Ros = me SoH 


(Cont) 








42.75 An open rectangular settling tank contains a liquid 20 12.3 
suspension that at a given time has a specific weight that varies 24 12.7 
approximately with depth according to the following data: 2.8 12.9 
3.2 13.0 
h (m) Y (kN/in”) SACLE PL ET CSS Te 
0 10.0 

0.4 10.1 The depth h = 0 corresponds to the free surface. B y means 

0.8 10.2 of numerical integration, determine the magnitude and lo- 

1.2 10.6 cation of the resultant force that the liquid suspension ex- 

1.6 11.3 erts on a vertical wall of the tank that is 6 m wide. The depth 


of fluid in the tank is 3.6 m. 


The mag nitude of The Plaid fee , tp, 
Cen be nh by Summing The db Machida 


fo reces actig on The horryoatel strip shown 
^4 The a thas, 


"M paf pa (1) 


where P ‘ The pressure at depth he 
Jo fmd p we use Go. 2.9 


E -— 4 
Gund ti Fy a, 


Ath) = [rad ET 





Equation C2) Can be lateg rated dntipreea tis USING The 


M~ 


Trapezo de | rule, C. e, i? $ P (nts x, *; ) 


Where Fw Ó | X n h ang nz rias ax dada porn 
The pressure distri bution (5 given below, 


h,m y, KN/m^3 Pressure, kPa 


0 10.0 0 
0.4 10.1 4.02 
0.8 10.2 8.08 
1.2 10.6 12.24 
1.6 11.3 16.62 
2.0 12.3 21.34 
2.4 12.7 26.34 
2.8 12.9 31.46 
3.2 13.0 36.64 
3.6 13.1 41.86 l 





Le 


( Con t ) 


E guation (4) Can now be TET yated AumMmers ce Ily 

U SIn The Tra pe 20: dal rule with dio a and dta 
A | J of The «qategral is 7107 EN. 

The appre x Imate Value gra ; x. 


Thus, bo Th Hf 
[pa = 7/07 kM 
ò MH 
Fe Fimti 14.07 2} = ¥26 &N 


ie eade fo Sum moments about axis formed by Intersection of 
vertical wall and Hard surface, Thus, 


H 
ck: VE pud (3) 
j / aA 
7 he integrand, hp, Can new be determined an 
/S rbu lated below. 


h, m Pressure, kPa h *p, kN/m 


0 0 0.00 
0.4 4.02 1.61 
0.8 8.08 6.46 
142 12.24 14.69 
1.6 16.62 26.59 
2.0 21.34 42.68 
2.4 26.34 63.22 
2.8 31.46 88.09 
3.2 36.64 117.25 
3.6 41.86 150.70 


LI) Can new be inte grated numer, calls 


ation | 
Egas , tne trapezoidal rule with tjv hp = v: 
Th E q b proximate Value of The integral Is "Pu N. 
N Z 
Thas, wit Shpat = [7594 AN 
O 
i} follows trom E3, (3) That 
^ 
f b Í tp ah 65 )/17* 4 44) D 
2 — oo CES ae ore , M 
^ Fe u26 kN 


The vesultant force acts 24m below flud surface. 
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2.76 


2.76 The closed vessel of Fig. P2.76 contains 
water with an air pressure of 10 psi at the water 
surface. One side of the vessel contains a spout 
that is closed by a 6-in. -diameter circular gate that 
is hinged along one side as illustrated. The hor- 
izontal axis of the hinge is located 10 ft below the 
water surface. Determine the minimum torque 
that must be applied at the hinge to hold the gate 
shut. Neglect the weight of the gate and friction 
at the hinge. 


gate 





À 
À 
NÑ 






N 
SAAAAAAAAAAAAAAAARAAARAARAASARARASS 


— EN 
—— — ^W 
"Y * 
let E~ Teide due d» air loft M A "s 
pressure, ann & ow faves Jue 4 K- Lo h E 
fo hudros ta ti f" e55uve elis] ri bution 3 e 
C (+) ra) ft 
Of water. | 
| F, 
Thus, 


i 


= £ A= (lo irs fre zt GE T) fe) a 3p. 


= 183 Ib 
Quel 


i 4 A Where he? lo ft + + g yt) se | - lois £1 
so that 


E = (62.4 2 Lb (oie t) Ty (4 fe) = 124% jb 





Alsos o Ta 2. qu. ag 
drì = "A r4 where Y, = 2 * = (£+ ft) = 16,82 ft 
So that 
OO) e) » /b.92 ft = 1b.52ft 

^2 (1.92 FEE #)* 
For equilibrium, 

2 Hs 
"" ekle Rs ISI 
pr 


c = (283 bZ fe) + fa le )(16. 42 f4 — oft ) = /02 ft-lb 
4 
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2.77 A 4-ft-tall, 8-in.-wide concrete (150 lb/ft?) retaining wall is 
built as shown in Fig. P2.77. During a heavy rain, water fills the M: 8 In. F5 A 
space between the wall and the earth behind it to a depth h. Deter- BN (isis 
mine the maximum depth of water possible withoutthe wall tipping 
over. The wall simply rests on the ground without being anchored 
to it. 


Sd 
RO 
» A 


— 


f 
m "s 
5 QA 
M 


Ls 
Pes IE 
Le 
~~ 
im > 


A 
sso 
ee a ^ ae ts 
a Se AL ar 
"Top ae 47 oi las 
TV . -s bw". 
xu —- 


c > - -< 
CS = x ro . 
| D Lame dud 
m.s $ 





SS me 
~ oe e 


rs 


= — 
RE i - 

E =. Pme 

p3 ac NAO 

2 


+ 
s eod. 


P2.77 


BFt*GURE 


For eguilibrivm, 
S M, =0 or 

0 LF =(4in) W, where with L= wall length 
Wd reis V = (15035) (EHL =400L IL 


an 


Fe = fA = ShA =(62.42%,)(2)Lh=3),2Lh° 
Also, 





= a 
7 m COR) +f oo 
eh GEM hh Lh 
«2 (h)Lh “a 8$ 39 


Thus, Eg (I) becomes 
£ (31.2Lh?) = & (qooL) 


or 
h= 2,344 
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*2.78 Water backs up behind a concrete dam 
as shown in Fig. P2.78. Leakage under the foun- 
dation gives a pressure distribution under the dam 
as indicated. If the water depth, h, is too great, 
the dam will topple over about its toe (point A). 
For the dimensions given, determine the maxi- 
mum water depth for the following widths of the 
dam: € = 20, 30. 40, 50, and 60 ft. Base your 
analysis on a unit length of the dam. The specific 
weight of the concrete is 150 !b/ft*. 





FIGURE P2.78 


A free- body - diagram of the daw is 
Shown in the figure at the right , Where . 


he YR | ( fom unit lengtu ) 


ow = ¥,(4)(0)(80) = Yor. f 
F, = (Ba + Yar) g 





vore M 


i = 2 sin@ 
= os . d I. 
«^ 3 u^ T5) 


To determine 44 Consider The pressure dde balon ‘ow; e taiiva! 
— Fre TALK 


Fa 
E 
ERR) 2 
Summing moments about A, 
RU, = K(E) + & (39) 
(con't) 
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2.78 (cont) 








so That 
- Frl)+ & (22) 
Iz 
Fl 
Where Až Rt E : Subst te tion of EX pressions hr F- Gud Fp Yı eld; 
dia 3 
Y, = £ CAE i8) 
kthy 
Foy equilibrium oí the dam, ZM,=0 so That 
2 
F 4, - Ww (F2) - &, D TE 5) "E C1) 
and with = 62,4 lb/ft’, y, = 150 Ih/f2? and A= fo f£ , Then: 
pe s/a4" W= ooo E: LES y = 10/3 
Sis & 4 Sine 
ET 3/.2 ( $10) 2 Ue [^ da sh) d (2.4.10) 
r4. 3(À. t 10) 


Sobado One Su expressions sto E$.U) yields, 
z)y Oy L- 3120 
(sia 45 Cowes) 3) - PSI] 
+ EE eN EEE zi um 





3( +10) 
Which can be simpli fi ed +o 
3 
3L? E? z0944 - 399627 10,400 -o Cz) 
S/n e 


Thus, toy a "IT g & Can be determined trom the 


condition tan B = 20/2 and Eg. te) solved fev h. 


For the dam widths s ecified , The maximum water depths 
are givtn below. Note ‘That for The taw largest dam 


widths The water would overflow The dem before it would 


fop pt. 
Dam width, £, ft Maximum depth, h, ft 
20 48.2 
30 61.1 
40 71.8 
50 81.1 
60 89.1 
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2.79 (See Fluids in the News article titled “The Three Gorges 
Dam,” Section 2.8.) (a) Determine the horizontal hydrostatic force 
on the 2309-m-long Three Gorges Dam when the average depth of 
the water against itis 175 m. (b) If all of the 6.4 billion people on 
Earth were to push horizontally against the Three Gorges Dam, 
could they generate enough force to hold it in place? Support your 
answer with appropriate calculations. 


(QA, R= wh, A = (9:80 xu. ) (22 ) (115m « 2,304 m) 


= 3L XID" N 





Cb) Kequivea ave vage force per person = 





Yes . It is \i¥ely, Nhat enough f — Could be generated 
Since Ve guived Average force per person is relativel 
Small. 
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2.81 A 2-ft-diameter hemispherical plexiglass "bubble" is to be 
used as a special window on the side of an above-ground swimming 
pool. The window is to be bolted onto the vertical wall of the pool 
and faces outward, covering a 2-ft-diameter opening in the wall. 
The center of the opening is 4 ft below the surface. Determine the 
horizontal and vertical components of the force of the water on the 
hemisphere. 


$ed =0 or Fy = hs fH 
Thys, 





Fy = Oh A = 62.44% (o) ZO HY. = 78414 origi | water 
and : 
$540 mh =W XY Ey Fry, R] w) 


where R=IĦH ia 
X 


Thus, 
Jb 3 
Fy = 62.4 13 (4-7 (IH) S4) -[3| b (down On bubble) 


fy 
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2.82 Two round, open tanks containing the same type of fluid rest 


on a table top as shown in Fig. P2.82. They have the same bottom weight of Jiguid Supported 
area, A, but different shapes. When the depth, h, of the liquid in by snelined walls 
the two tanks is the same, the pressure force of the liquids on the 3 l 





bottom of the two tanks is the same. However, the force that the 
table exerts on the two tanks is different because the weight in each 
of the tanks is different. How do you account for this apparent 
paradox? 





Area — A Area = A 
A FIGURE P2.82 


For She Sank ui TA The Inclined tea {I's, The pressuve On Te 
bo Hom ts due fo the weight of The liquid In The Column 
ChrecHly above The bokom Gs shown by The dashed lines im 


The figure. This ts the same (veiut as That for The tank 
wi JA The straight sides . Th “Us, the Pressure on The bodon 
of The two tanks 15 the same. The addi boral Weight 
/ the tank bith The inclined walls 15 5u pported by The 
Inclined unlls, a5 Illustrated 1h The figure. 
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2.83 — Two hemispherical shells are bolted together as shown 
in Fig, P2.83. The resulting spherical container, which weighs 
306 lb. is filled with mercury and supported by a cable as shown. 
The container is vented at the top. If eight bolts are symmetri- 
cally located around the circumference, what is the vertical 
force that each bolt must carry? 






Sphere diameter = 3 ft 


m FIGURE P2.83 





|" 


T 





F ^ force in one bolt 
B^ pressure at mid-plane 





A~ area at mid-plane 


J of Shell 


w m weight of mertury in bohom half ¥ 
> — 
W, - weight of bottom half of shell 


For equilibrium 3 


L Dehinc ns 
Thus, 


D : 
ks To’) + NEIEN + (300 b) 


(qv RA SF) (a4) n 2) (4) (oe) + iso t 


F, = [890 |L 





2.84 The 18-ft-long gate of Fig. P2.84is a 
quarter circle and is hinged at H. Determine the 
horizontal force, P, required to hold the gate in 
place. Neglect friction at the hinge and the weight 
of the gate. 





NP 

» e Fy T 
For eguih brium (trom free-bedy - diagram | 
of Fluid amass), i T F Hy Fa V 

2L —o | F; 
E | b Fs, 
F; P F E Y^, A, 
= b242,\ € )erex sete) = 20 2001L 


Simi larly , 
2 Fy Io 
So That 
Fy = Ww = X, x (volume of Flas ) 
20 


H 


Jb TT » L 
(6 2.4 f}? IF (6#t) x 2t]: 3], 800 lb 


Alse, AB p (612) - z ft ( see Fig. arte ) 


d 
u y = eft - 2ft 


for eguil brium from free-body-diagam ef gate) 
= M, =e 
so That 
Plett) = F, 6) Fi) 


or 


9 
(20,200 Ib )( 2 ££) 4- (31, £00 1L )( = ft) 


= 20 ÍL 
L fi En cali 


2782. 


LLL P LLL O i i a lt tt tt t I A 


= ————— a 
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2.85 The air pressure in the top of the two liter pop bottle 
shown in Video V2, Sand Fig. P2.85is 40 psi, and the pop depth 
is 10 in. The bottom of the bottle has an irregular shape with a 
diameter of 4.3 in. (a) If the bottle cap has a diameter of 1 in. 
what is magnitude of the axial force required to hold the cap 
in place? (b) Determine the force needed to secure the bottom 
2 inches of the bottle to its cylindrical sides. For this calcula- 
tion assume the effect of the weight of the pop is negligible. (c) 
By how much does the weight of the pop increase the pressure 
2 inches above the bottom? Assume the pop has the same spe- 
cific weight as that of water. 


] in. diameter 





Paw = 40 psi 


4.3 in. diameter 


8 FIGURE P2.85 


(a) Bap Foy x Aren = (hE [Ein] = Leu 


(b) 2 Ra 


Fs 


ides 


x (A vea.) 


= (4o 3 (£ T) (4 fn) 


581 Ib 


I 





(¢) p=-p. + Wh 


- Yo oe * (tanta) E &)( 


H 


do 2. + 0.299 P, 


F = s (2 2n. a bove ko fom) 


ides 


betrom 


| 
Hn Tp 


Thus The. increase. in Dress ure due lo weight = 0.189 pst 
(which IS ess Man | of, of air ovessure ). 


2-33 














| 2.86 


2.86 Hoover Dam (see Video 2.4) is the highest arch- 
gravity type of dam in the United States. A cross section of the 
dam is shown in Fig. P2.86(a). The walls of the canyon in which 
the dam is located are sloped, and just upstream of the dam the 
vertical’ plane shown in Figure P2.96(b5) approximately repre- 
sents the cross section of the water acting on the dam. Use this 
vertical cross section to estimate the resultant horizontal force 
of the water on the dam, and show where this force acts, 






De silii eed 
(a) (b) 
E FIGURE P2.86 





Break Aea inte 3 parts as shown. 
For area ] e 


f = rh, A=(62.445 A (Us tt \4) lias t (ut) 
= 437 XID' # 

E cum e 4 fp Fe = /s1X1D. Lb 

For area 2. 
Eg,» Yh, Aa = hay BNE) (54) (2% 4) ie 2 

= 4143x/0' l} 
Thus, 
7 


d 


fk tle the * /57 x Ib fl + 4 L3 y Jo! [] 4 L 57x10" J 
7 22x4j8" 1 


Since The. /nomen t of The VeSul-dant force a bout The base 
of The dam must be e faa! +» The moments due to 


UA Fz, and A (t follows Wat 
(Cam d) 


2^84 


m. 


poke (ten t) 
Fp x cl = Fe (2 Gis £2 ) Y Fp (1) lust) + fg. (2 ns) 
ana 2 f *! Is Jf f) l 2) (s 
ge Latio! i) nete) tsa Ine) (sr Ns) nst 
7.77 x10* [| 
= 4064 ft 


Thas, The resultant hor gon tal T on The dam /s 
4. 7X 4 ‘ JL acting ^oL f£ up trom The base 
of The dam along The axi of symmetry of The area. 
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2.87 A plug in the bottom of a pressurized 
tank is conical in shape as shown in Fig. P2.87. 
The air pressure is 40 kPa and the liquid in the 
tank has a specific weight of27 kN/m*. Determine 
the magnitude, direction, and line of action of 
the force exerted on the curved surface of the 
cone within the tank due to the 40 «Pa pressure 
and the liquid. 





FIGURE P2.87 


fà c. A T 
For eguilibridm ; 
Z i =e 
So thet 
Tu A j w 


where F, is the force the Cone exerts 
of The fluid 


A Iso, | | F— a — 
p, A= (totr Ẹla) 


= (40 AP.) J(. TM 4.2 RN 


dz 2 tan 30°: LISE 4 
ana 


QA = Y E aa aye Lt Jila | Volume of tone = È 4c) 
3 MA MA 
YT d’ E - Le | 


(27 ÈN y(u)(1isse.) (Fm) = 75* kn 


H 


I) 


Ez: 4L." AW + IYAN = !'!4w 


and The É ode on The Cone has a magnitude of IIL RM 
Qned 1s directed vertica Mla downwarel along The Cone «xis. 


2.28 


(1) 


(2) 


(3) 


(+p) 


(5) 


(6) 


(7) 


2.88 The homogeneous gate shown in Fig. P2.88 consists of one 
quarter of a circular cylinder and is used to maintain a water depth 
of 4 m. That is, when the water depth exceeds 4 m, the gate opens 
slightly and lets the water flow under it. Determine the weight of 
the gate per meter of length. 





Consider the free body diagram: of 


F, 
the gale and a portion of the water — ond 
gate 
Z.M»-0 , or width=/m F ; 
LWÓ£W-Tt4-RV20, where p b, v 
Fy 70h, A = 2 xJ0 5 Gsm) (Im )(/m) = 34:3 kV 
since for the vertical sido, he=4m-OSy - 3.55 
Also, y 
3 YA A = 9.PK/0 a3 (4m) (/m) (1m) = 39.2 kN 
Also, 2A 
W =O Cm) - F(Züm*)(Im = 2éxo yl 1 - Z m= 2.10 kW 
Mow, £,=05m and 
4 m Ie _ Imm) | 
b, = 0,5m + (ye Y.) = 0.5% + p =OS * So mim) =0,524m 


and La = Im- f& =/- EOM 20,576 m 


To determine £, consider a umi! sqyare that 


consrts of a quart er circle and the remainder 
as shown inthe figure. The centroids of areas 
( and © are as indicated. 
Thos, 


(0.5 - Æ) A, = (0.5 -4,) A, 


(con't) 
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2.88 | (con't) 
so that with A, -fu) =A and f zl- this g/ Ves 


aT niger 3 
(0.5- s)# =(0.5-4,)(I-2) 
or 
(8) f= 0,223m 


Hence by combining Eqs (I) throvgh (3): 


(0.5756m) W «(0,223m) (2.10 kW) — (3**.3kW)(0.524 m) - (39.2 kW) (0.5m) = 0 


of 
W= 644KM 








Bq 


2.8% The concrete (specific weight = 150 
Ib/ft?) seawall of Fig. P2.84 has a curved surface 
and restrains seawater at a depth of 24 ft. The 
trace of the surface is a parabola as illustrated. 
Determine the moment of the fluid force (per unit 


length) with respect to an axis through the toe 
(point A). 


The Components 5f 7he fluid force acting 


on The wall are F and W as shown 
on the figure where 


E Xt, A 3 (64.0 2. (MES fae za vice) 


= [£600 
Also, 


W= yH 
To determine Y tind area 860. Thus, 
(see Agure fo right ) 


Xo > 
Az [cay-g) dx - f nan ) dx 
O o 


3 7] Xe 

[ax - ° 
3 dy 
and with X,* bio 


+4 = Ax IFt 
Thus, 


and T = anv 2 Ft 


X, 


D 


jy 4* 
= 178 ft? 
w = (tuo AZ) fe) = // 200 Í 


175 tt” So 





jo locate centroid of A: 
Xo X, 
Az f x dd = | (24-4) n di 
e o 
— ta. fyra) e2(Vsa)" 
x, = MEME consid 
175 
Thus, 
My = E Y, -wí(is- Xe) 


P 
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Xo 
3 
JT )dx = 
o 


—- 
e- 







* of 
-= - - -=  - - -— M om o -— = —- — — o oo is 
~————— — - -— — — mo -— — ooo 

- -— 


Seawater 


| 
y = 0.2x? 


. 
» nA *.* 
‘ ot é* 
- * 


Becks Tee ee 
See? TS 


FIGURE P2.89 


SA, 75 





lZo 


x, = 
( Node: Afl lengths (A fe) 


Tha £ 


2 4 


“ii ft 


(18 Yoo hh (84t) - (11, 200 b (15 Ft - kn Ft) = 25200 felh) 
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2.40 A cylindrical tank with its axis horizontal 
has a diameter of 2.0 m and a length of 4.0 m. 
The ends of the tank are vertical planes. A ver- 
tical, 0.1-m-diameter pipe is connected to the top 
of the tank. The tank and the pipe are filled with 
ethyl alcohol to a level of 1.5 m above the top of 
the tank. Determine the resultant force of the 
alcohol on one end of the tank and show where 








it acts. 
fe 
L centroid | 
Fe = yh. A L Om d 
where he = hSmtlom =25m | | LP. | x 
So Tha 2 R "€ | 
4 — 
d id of pressure 
he = (1.142% nee) X on)" Lo P AN 
Also 
i y = Lye y 
R 4, A c 
where AH, > $ Jo Thad 
T ha 
Ír = T + 215m = &.bom 


(350m (F ) (zm)? 


Thus, the resultaat force has a magnitude of 60 ERN 
Qnd acts af a diskine of Y-Y, = bom - 4, S0, = O.100m | 
be low center of tank end wall. 
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2.41 


2.41 If the tank ends in Problem 2.90 are 
hemispherical, what is the magnitude of the re- 
sultant horizontal force of the alcohol on one of 
the curved ends? 


For e guil brum j 


fr ~ Fuse / I (see figure ) 


= 60,8 4N 


(Since Solution fr horizontol force the 
Same as fer Problem 2.90) - 


2-491 


2.92 


2.92 An open tank containing water has a bulge in its vertical 
side that is semicircular in shape as shown in Fig. P2,92. Deter- 
mine the horizontal and vertical components of the force that 


the water exerts on the bulge. Base your analysis on a l-ft length 
of the bulge. 





BFIGURE P2.32 


[fe hori 9ontal force of wall on £luid 


E w vertical force of wall on Fluid 
po ee 
VU = an 0 " E? 


j| 





= 992 p 

FE: YA s (62.4 2 „(Efe +34) (b FE x1 Fe) 
= (5370 1b 

For equilibrium , P. =% = 3982 ib 4 

dag F F-33101 


The force the water exerts en the bulge ıs 


Chu al to buE opposite im direction te K, and 
Fu Above. Thus, 


(Fx)... = 33701 —> 
| 
(F, Jai - $32 IL l 
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| diameter hemispherical dome as shown in Fig. P2.92 A U-tube 
| manometer is connected to the tank. Determine the vertical 
force of the water on the dome if the differential manometer 


reading is 7 ft and the air pressure at the upper end of the ma- 
nometer is 12.6 psi. 


f 
2..43 A closed tank is filled with water and has a 4-ft- OF 


4-ft diameter = 





5 ft 








hec 
P2.q3 
Fp 
For equilibrium, 
2 F erhia =° 
So That $A 
b, PA = Lo (1) 


Where b 1s The force The dome exerts on The T ia 
ana p /5 The water Pressure at the hase ef The dome 
From The manometer, 


f2 7 0, (74E) = oy b (4 £4) = f 


Jo That K 
Ca +, jOa 2e 


f a ) t 6902.6 A)r Ylen) 


li 


li 


2 $ 86 2. 


Thus, trem E.) with Volume of sphere = X (diameter )9 


= (2080 di Jy ee) - 1|z Glen) 


— $5 /00 lb 


ra That The Vertica | force That The 


later 
exerts o» The dome /s 25,100 lb ‘i 
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2.94 


2.44% A 3-m-diameter open cylindrical tank 
contains water and has a hemispherical bottom 
as shown in Fig. P2.94 Determine the magni- 
tude, line of action, and direction of the force of 
the water on the curved bottom. 





H—3 m — 
& FIGURE P2.94 


Force = weight of water Supported by hemispherical bokom 


x, (lao of Cyhnder J= (volume of hem: sphere) | 


H 


«$055 H (im) (Re) = E (30m)? | 


J 


185 &N 


The force is directed vertically downward | Gud due 


to Symmetry it ac te on the hemisphere along The 
Vertical axis of The Cylinder. 
495 &N 


27 


12.95 
2.45 Three gates of negligible weight are used to hold back 
water in a channel of width b as shown in Fig. P2,45. The force 
of the gate against the block for gate (b) is R. Determine (in 
terms of R) the force against the blocks for the other two gates. 

















6 Y 
x I Ey {—- ma —L T Pm e uA -- s cath > 
EN Late Lae nadar pw VR bef Card 5 

ttes i HW ninety old dos tnh 
K g + Be B ^i H AM s! eee eet y Dh 
o5 fais jud Io ups ue : i NUN aum m vé: A, Wiss 
Uc pem c MM p 
ius um AG OR WP Hat lii ay, 
Hr 4 4 74 1x ` * 5 11 a 
NIE up ERAT In "ra RIS 
MSS ITE. db e PILII z EE o 
ie h NE. RAN nins m KIM sitit 
k d peni (eves MARE ERAT 
dao DRE ds Miren tio 
cS pe HEIS a Martis ft QUIM pent cee 
- ft; / te te ii its t2t22- P» dc 
idi ie Doe 
^4 





(a) (b) (c) 


Epe Cee) m FIGURE P245 It, 


Fo th A= JU hus) = 224 Ei "y 


and e^ ZA fe 


fat 2 HE 
os pr- ($4)& > Gate 


hR=(Z4)(th ) E" uu 


. Fh 
R= uw M ( 4 A ( See 
oT 2 Cn») 
Yor Case (a) on free- body- chagram Showh 
2 
= this ez above ) Qua 
Je* c 


and 


2,)- Fx Vol i 
[589] 


I 





T 
xj 
uw 
A 

N 
“— 





2.95 (Cont ) 


ZZ fo lf puis That 
E = XA (0.3490) 


From &g.0) ah? E thus 
Fa = IITR 





for Case Sy, Jor the free- boda ~ dere shown, 
The force Te, a The Curved S ection passes Through 
th € h Í nge "n A Therefore does Aot løntri bute f 

The moment Ground N. On boHom part of gate 


i = dhA = ARU xb) = Zid 








and / s 
pe ery ~ BOM, a 
A Y A (32) xb) ^ 

= 23 
- £4] 
Thus, 
= My 
So That 
» Je 5 


"E z 2 
7 e ) = Ar 
From Eg. (1) gh) 7 Fk Thus 
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2.97 A freshly cut log floats with one fourth of its volume pro- 


truding above the water surface. Determine the specific weight of 
the log. 


V = log volume 


Vao 4 

ding Sing V P Wo 
"€ 3 b Ib 
i36 ainaka Jb 
b, xo = 4 (624 gs) 46.8 ws 
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2.98 


2.98 A river barge. whose cross section is ap- 
proximatelv rectangular. carries a load of grain. 
The barge is 28 ft wide and 90 ft long. When 
unloaded its draft (depth of submergence) is 5 ft, 
and with the load of grain the draft is 7 ft. De- 
termine: (a) the unloaded weight of the barge, 
and (b) the weight of the grain. 


(a) h, ea wi librium , 


Z Ferina = @ 
5o That 





Wo wei ght of barge 
(unloaded ) 


ia ee X, Cette isa. 


i 


(624 E.) pa x 28 x tof) 
786,000 Ib 


I] 





(b) = 
A lind ad 
MJ, + We = F, z MA (sulmon mimm aq 744 
| ES 


Wa å (62.47 re x 2844 x qo ft) - 186 000 lL | L 
is weight of qrain 


= 315; 000 lb 
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2.99 


2.99 A tank of cross-sectional area A is filled with a liquid of 
specific weight y, as shown in Fig. P2.99a. Show that when a 
cylinder of specific weight y; and volume V is floated in the liq- 


uid (see Fig. P2.995), the liquid level rises by an amount 
Ah = (y2/ yı) V/A. 





(a) 


W = weight of cylinder = 0,Y SeIGURE P299 
For equilibrium. 


W = weight of liquid displaced = Oh, A, - (3$ where Y =h, A 
T hus 


O V = XA or 
LEY 


However, the final volume within the tank js eqyal 1o the Willal 


volume plus the Volume, 44 of the cylinder that is submerged. 
That Is, 


(H+ah)A = HA uk 4 


Or 
^* X 
ahs et 


—————— 


—_— ———M———— 
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2.100 When the Tucurui dam was constructed in northern 
Brazil, the lake that was created covered a large forest of valu- 
able hardwood trees. It was found that even after 15 years un- 
derwater the trees were perfectly preserved and underwater log- 
ging was started. During the logging process a tree is selected, 
trimmed, and anchored with ropes to prevent it from shooting 
to the surface like a missile when cut. Assume that a typical 
large tree can be approximated as a truncated cone with a base 
diameter of 8 ft, a top diameter of 2 ft, and a height of 100 ft. 
Determine the resultant vertical force that the ropes must resist 
when the completely submerged tree is cut. The specific grav- 
ity of the wood is approximately 0.6. 


For equilibrium D 


LEE A 


So Thet 
"E g^ 9y ( | ) lr, 
For a truncated Cone | 


Volume = EP ( eer +è) t 

Where! — V * base radius dU ~ weight 
r = top radius Fa "v buoyant force 
h = height T ^ tension in ropes 





Thus (77) ( Ibo f£) 2 : 
(qu s PORE T Gu (Hee a) + OAE | 


= 2200 ft” 


for buoyant ferce , 
E30, ^ y- = (42,4 B.) (2200ft?) = )37 DOD |} 


tree 
r weight , | 
W= i «H, (04002 fs) lzzooft) = 83 tlk 
ee 
From EQ .t/) 


| = /3$7 000 hb— $2, 4o0/, = 5") 600 |b 
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2.102 An inverted test tube partially filled with air floats in 
a plastic water-filled soft drink bottle as shown in Video V2.7 
and Fig. P2.102. The amount of air in the tube has been adjusted 
so that it just floats. The bottle cap is securely fastened. A slight 
squeezing of the plastic bottle will cause the test tube to sink 
to the bottom of the bottle. Explain this phenomenon. 


When the test tube is floating 

The weight of The tube W, IS 
balanced by The buoyant force, Pig, 
As shown in Me figure . The busyen ¢ 
force ts due to The displaced volume 
of water as Shown. This Misplaced 
Volume ss due s The mii pressure, A, 
Tra ppea th The tube Where . 
f= AEE When the bottle bs 
SGue ered , The air pressure in The 
bale P ss Increased shghtly and 
This’ /n Cura increases P, The pressure 
Compressing The aii tn the test tube, 
Thus, the displaced volume is cdecreasd 
with & Su bseguen t decrease n Fo. 
Since ")J 15 Constant | a decrease /n 
s will Cause The test Cube do sink. 
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Air 
Test tube 





-— Plastic bottle 


NH FIGURE P2.102 






Volume | 
displaced pe M 


* 2. 
LEA M 
qug? 


2.103 An irregularly shaped piece of a solid 
material weighs 8.05 Ib in air and 5.26 lb when 
completely submerged in water. Determine the 
density of the material. 


W lià P, - Where P as density of material 


W (tn water) 


P3 x (volume) 


i4 


Dd: x (volume) - buoyant forte 
Le x (volume) = Ke a x [volume ) 














Thus, 
W (15 av) al - / P 
W (in water) P. (— (so 
/? 
Or A due 
x H2O [4 fe3 ey slugs 
25 W Lin water) eR  . f 
| — — T 
W lin air) £. 05 |b 
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2.104 A 1-m-diameter cylindrical mass, M, is 
connected to a 2-m-wide rectangular gate as 
shown in Fig. P2.}04%. The gate is to open when 
the water level, h, drops below 2.5 m. Determine 
the required value for M. Neglect friction at the 
gate hinge and the pulley. 






— — -— — c m o c m m um ——— - m c IU cH m = = 
--— ——— — a A S —-— — m cm cm s me = = 


1-m 
diameter 


FIGURE P2.104 





F =YA A , 
wow Fr Mg 
where all lengths ave in m., Hy A ! 
— a 
Foy equilibrium , o Hy | FE 
B 
Z M,=0 
So that 
3 
47 = (&) R 7 y $ 
and " y 4? 


For The cylindrical mass 2 aia =O and 


Ts M g xm Ls = M4 - y V- 


Thus, 2 
M- Io " P Y(T) (4-1) 


4 


and fov fi 22.5 


3 
24.5 ) IT MA i "N ~ 
A (agoa S, ) | SS +p Um) (2.5m Lom ) 


M 
TE 


= 2480 ka 
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2.105 When a hydrometer (see Fig. P2.105 and Video V2.8) hav- 
ing a stem diameter ot 0.30 in. is placed in water, the stem pro- Eluis 
trudes 3.15 in, above the water surface. If the water is replaced surface 
with a liquid having a specific gravity of 1.10, how much of the 
stem would protrude above the liquid surface? The hydrometer 
weighs 0.042 Ib. 





BFIGURE P2.105 


When the hydrometer is Floating 
its weeght Dis balancea by 
The buoyant force, Fr. For 
equilibrium, 


r 


ZF =o 


Vertical 
Thus, fr Water 
Fa = w 
( )vr = W (1) 
zo/ I 
where + 1s The Submerged volume. wim the new 


li 4 uid 
i Sa) (5, ) V; = (2) 
Combining Egs, (1) anu C2) with W Constan E 


Ono) Y, zi (S6)(¥j, 4) Y» 


Gund 2 
Ls 56 








ni 


CF?) 


(cont ) 
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ZIS] (tont) 


From EG CI) m 
4K LOT zs 0.0 42 Ib S 6. TOX I0 f° 
l id uan 62.4 12, 


se that from E4.0) 4 
=f s 3 
475 = 6.73 x10 f ~ ¢12x10 4t 


/|. lo 
TRAYS) uy, (C23- L2) £t? = O.b/ X10 "ft? 
Je obtain This difference the change im length, AL, ts 
(Z 0.30m.) AL = (6.b/ xw~* £43) (1728 m 
AL= [.*44 tn. 


wim the new It ural the x yet would Protrude 
315 in. +149 In. AGGIN: above the surtace 
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2.106 A 2-ft-thick block constructed of wood 
(SG = 0.6) is submerged in oil (SG = 0.8). and 
has a 2-ft-thick aluminum (specific weight — 168 
lb/ft) plate attached to the bottom as indicated 
in Fig. P2.06. Determine completely the force 
required to hold the block in the position shown. 
Locate the force with respect to point A. 








far egui hbrum , 


a NN uis 





so that 
isl. "T TL Wom fa 
Where - 
Wur i (56, %,, ) w rd : eo 
^^ aiuminum» 
z (0.t) (62.443) (4)(iosexeftxzf)= 1Soo lb F^ force to held block 


Wa = (ib835, Vos & x ioft x 2£t) = 1580 Ib 
Fou * (S6; ) (Siro) Mar = o-3Y (es s [oft et «2 fe) = 2000 Ib 
Fh. s (Sei) (Spy) V. = (0.8) (62.4 E, )(o.stt « oft e 2H) = 499 IL 


Thus, 
Fe 5001, —2eoelb + 1680 lb- 499 Ib = ($1! bb upward 
Also, 
Z M, *0O 
So That 


QF = 10 ec (wp, - Fou) + (5 #t)(Wa- Faa ) 


* 
Á (68l Ib) = (19 £4) (i500 M - 2eoolb) = (s £t)(16gole - 444 lb) 


e 


and 


~ 
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2.107 (See Fluids in the News article titled ‘‘Conerete canoe," 
Section 2.11.1.) How much extra water does a 147-lb concrete ca- 
noe displace compared to an ultralightweight 38-1b Kevlar canoe of 
the same size carrying the same load? 


Por equi lab rium y 


2 Fverhz£ e 
a } : 
na Di) = Fe = Y v ani X^ is dhsplaea Volume, 
2 
For Concrete Canoe, yw 
+7 b = (b2.4 de.) Ve 
Fp 


vo =u 8b mr 


Br Kevlar Canoe, 


331b =(62 i v 

V. = 0.609 FE 
2. 3b O. 609 A 
as ft? 


Jl 


E xtra Ww ater a 'Splace ment 


2 -/07 


2.108 An ice berg (specific gravity 0.917) floats in the ocean (spe- 


cific gravity 1.025). What percent of the volume of the iceberg 1s 
under water? 


F or equi li/briym, 





VW = weigh? of iceberg = FR = bvoyant force 


or 


Toe A F U eee ) where V i zZ volume at TA. submerged. 








Thus 

Tob z Vice _ SGjce _ 0.917 nda pQ s 77 
= = -= 0895 = | y 

V ce ee SGocean /.025 A a 
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2.110 Itis noted that while stopping, the water surface in a glass of 
water sitting in the cup holder of a car is slanted at an angle of 15? 
relative to the horizontal street. Determine the rate at which the car 
is decelerating. 


dz .— Y 
dy 944g 
where | a2 -0 and Lr = fanis” 20,248 


Thos 





Q2 y ___4y 
od: 07 9 7 731384 
or 
fx ft 
dy = - (0.248)(32.2 2x.)7 8.63 — 
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2.1it — An open container of oil rests on the 
flatbed of a truck that is traveling along a hori- 
zontal road at 55 mi/hr. As the truck slows uni- 
formlv to a complete stop in 5 s, what will be the 
slope of the oil surface during the period of con- 
stant deceleration? 


dz | |, 
—"i nd dy 
SE. 49 Y 


— (e 2,28 di 
cl y jt 4i $. ) es 


on Su ips Adr sar 


time interval 


an 
o — les mph 04410 Z ) 





ose mph = -4q12 A 
5s 
Thus 
) 
[im 2 3 
& = B : = 6504 


2.112 A 5-gal, cylindrical open container with a bottom area 

of 120 in.* is filled with glycerin and rests on the floor of an 

elevator. (a) Determine the fluid pressure at the bottom of the 

container when the elevator has an upward acceleration of 3 

ft/s?. (b) What resultant force does the container exert on the 

floor of the elevator during this acceleration? The weight of the 
. container is negligible. (Note: | gal = 231 in?) 





J A= volume 


k 0 š 
d = = ( +4 di $, (120 1 I". DE Egal e (EM ) 
| P Ft Jr 





and ms G63 in. 
Pp (4 +43) A 


= 
{J 


- Gu $28 )( 32.2 5€ + 35 )( 263 f) 
s ég rm 


(b) From free- bed; -diagram of Container ) 


[er 7A Jta 
CU le (uze in2)( LE x] | 


\wurn,” 


if 


57.4 |b 


Thus, force ot container on floor s 597.4 [b downward. 


~~ 
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2.113 An open rectangular tank 1 m wide and 
2 m long contains gasoline to a depth of 1 m. If 
the height of the tank sides is 1.5 m, what is the | 
maximum horizontal acceleration (along the long : 
axis of the tank) that can develop before the gas- 
oline would begin to spill? | 


lo prevent spilling , 
d£ —  l5« — 1.0m 





dy ~ ens =- 0,50 
(see figure). 
Since 
) à 
dz. - E ( 83. 2,28) 
J d t Gz 


(d.i. a (-o,50)7.81%) = wem 


(Hote: Acceleration Could be either +o the right or the left, ) 


—— EE ee 


2.114 Ifthe tank of Problem 2.113 slides down 
a frictionless plane that is inclined at 30° with the 
horizontal, determine the angle the free surface 
makes with the horizontal. 


3! 
"NS 
N 
y \ 
From Newtons Amd laur , 


Z Fy =m 4, 


Since the only force in the 4 - directioy 
ls The Com ponent of weight (mg )sin 6 





( m 4)smo = mm he 





(Y^ ^^ mass of tank ei 
So That ' , gasoline 
A, = j sin Ó 
I a 
and therefore | DW. 7 3 
i ; 
Ay = Ay Cose a. == ay Sin ĝ AM Quy 
Q 
Also, Z 
(25 mo ua m. see (Eg. 2,29 ) 
ay gta 
ae Qy Cos © 


= 2 sme lose 
2 — QA, Smb 


5 g - g Sinb sin & 

z _SINO cose sin O cos @ 

i | 3^9 M nc = - fan? 
Hence, a = - lan 8 SO thal the free d 


d | dz 
surface js at the same angle as the plane, — ^ 
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2.115 A closed cylindrical tank that is 8 ft in diameter and 
24 ft long is completely filled with gasoline. The tank, with its 
long axis horizontal, is pulled by a truck along a horizontal 
surface. Determine the pressure difference between the ends 
(along the long axis of the tank) when the truck undergoes an 
acceleration of 5 ft/s?. 





f 24 
fap dis do f oy 
P © 
Where =+ at 470 Gad ?-f az gq224 PT, 
and 
BF, = —^45 (as fe) 
= slu 
- (1.32 375 J/s ft larte) 
E 45 
E uw 758 pe 
or 


/L 
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2.116 The open U-tube of Fig. P2.116 is par- 
tially filled with a liquid. When this device is ac- 
celerated with a horizontal acceleration, a, a 
differential reading, A, develops between the ma- 
nometer legs which are spaced a distance [ apart. 
Determine the relationship between a, [, and h. 








di L— zi (Pa 2.28) 
4 gt Gs 
Since d 
dz... A " 
d - y ano 47 70 
Then y, i Q. 
TE" d Fo 
or 4 F a£ 
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FIGURE P2.i16 
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2.117 An open 1-m-diameter tank contains 
water at a depth of 0. 1 m when at rest. As the 
tank is rotated about its vertical axis the center 
of the fluid surface is depressed. At what angular 
velocity will the bottom of the tank first be ex- 
posed? No water is spilled from the tank. 


Equation for Surtaces of Constant pressure 
( 9. 2,32)? 
J = c t Constant 
Ag 
For free surface with hizo at r=0, 


4 3 G^ Fr? 





[* 


Fr = 





figa 





Kom mihal dépfi 





+4 
The volume of fluid th rotating tank is given by 
R 
T In dy s am | 
24 Jo 


O 
Since The inih al volume, V. TEA, 
volume, 





2-116 


must eg ual the final 


4 (4.9 2 )(01m) 


( O. 5) ^ 
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2.118 An open, 2-ft-diameter tank contains 
water to a depth of 3 ft when at rest. If the tank 
is rotated about its vertical axis with an angular 
velocity of 180 rev/min. what is the minimum 
height of the tank walls to prevent water from 
spilling over the sides? 


For free surface , i. 4 


f= = a +f (£s. 2,32) Al 








d 


he volume of fluid in the votating tank is given bs 
R R 
v = f amd dr = an (F , 4+) dr 
4A 
o 


Ó 


$T 2 
TOR . wh R 
+ 3. 
T 4 
re Y bad / 
= T (180 te « 2 ie jue ) (rfi 


+ Whe n) 
& (32.2 ££ ) 
> 3- 
= y (att +4.) f£ (with 4, tn £2) 


ince the. imhal volume | 


vecmEÁAS = T (1H) (ste) = 8v ££ 
and The final volume must be egual, 


$t 
ov 
T (2.72 +h,) ft3= 3m FE? 
ed 4, = 0.240 ft 


Thus, from The first Cg uation ( &, 2.32) 
= we + 6,240 t 
A 24 


1. 2 

aud ier x42 vad , I min (ift) 
M 5 = (130 4 ll hl 2) + 8.14 ft = 5.16 44 
EN a Uu £t ) — 


2.-1/7 


2.419 A child riding in a car holds a string attached to a Quai 

ing, helium-filled balloon. As the car decelerates to a Stop, the 
balloon tilts backwards. As the car makes a right-hand turn, the 
balloon tilts to the right. On the other hand, the child tends to be 
forced forward as the car decelerates and to the left as the car 


makes a right-hand turn. Explain these observed effects on the 
balloon and child. 


A floating balloon attached to a string wil! align itself so thal 
the string it normal to lines of constant pressure. Thus. (1 the 
car is hel accelerating r the lines of f/ = constant pressure are 
hori zont al ( gf avity acts vertically down ) and the balloon floats 
traight vp’ (ie.0=0), I f forced to f Fg -W- buoyant ai, ; 
the side (9+0), the balloon will return f. T 7 
lo the vertical (8-0) egwilibrivm f, -~ E 
position. in which the two forces 
Tand fg-W iine up constant a 

pressure lines 





22) 


Fig, (1) No acceleration l 0 =0 for 


2 . 


egyilibriv m. 
Consider what happens when the car decelerales with an 


| P 
amount q,«0. fis show by Eg, (2.28), . -— dob 
the lines of constant pressure are not = ae 
norizontal, bui have G slope of 77 22 O at mot on 
i =a — Ot = - B20 since Q2=0) 

9 * dz 


and dy <0, Again, the balloon s equi libriym 2 
position is with the string normal to £ «COns]. ¢ " 
lines. Thai is, the balloon Filis back Qs o 


| 
the car stops. Lan 


When the car wras, ay = 4 (the centrifugal `~ 
acceleration), the lines of p «consi. are qs 
shown, and the balloon tihs to the 


ovisidée of 156 curve 


Fig.(2) Balloon aligned so that 
string is normal te p «conslani 


lines 


Fig, (3) Ler Ut . bajloon tilts te 
right 





2.120 A closed, 0.4-m-diameter cylindrical 
tank is completely filled with oil (SG = 0.9) and 
rotates about its vertical longitudinal axis with an 
angular velocity of 40 rad/s. Determine the dif- 
ference in pressure just under the vessel cover 
between a point on the circumference and a point 
on the axis. 


Pressure in 4 rota ting tla vanes 
/h accordance with the Cg uation, 


4 2 
f "1 EET —X2 + Consland (E. 2. 23) 


Since Z,-Z£, 


} 
fa f, = Pa” (p - t) 
34 aat" 
= (0,9)(10 AE, )f fo ic, | (0.2m) o | 


L 





a lB 2a 


= 29.9 ke 
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2.121 (See Fluids in the News article titled “Rotating mercury / Receiver 
mirror telescope," Section 2.12.2.) The largest liquid mirror tele- 
Scope uses a 6-ft-diameter tank of mercury rotating at 7 rpm to pro- 
duce its parabolic-shaped mirror as shown in Fig. P2.121. Deter- 
mine the difference in elevation of the mercury, Ah, between the 
edge and the center of the mirror. 





& FIGURE P2.121 


Foy tree Surtace of rotating hgud » 





zz wer? tonstant (Ea. 4.32 
m 
let £20 at v=0 and there fore 
Constant =o. Thus, 
Ah=Az for r= 3fL e@nd 
With 
Ad V/ V mii 
Qo 5 UT rpa) Jas Kad )( Lams) 
- 0.733 ted 
it follows that ; 
2. 
Ah = (0.133 W^) (3 t) 
Z (32.2 PE) 





O. 6131 £4 
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2122 . Force Needed to Open a Submerged Gate 


Objective: A gate, hinged at the top, covers a hole in the side of a water filled tank as 
shown in Fig. P2.122 and is held against the tank by the water pressure. The purpose of this 
experiment is to compare the theoretical force needed to open the gate to the experimentally 
measured force. 


Equipment: Rectangular tank with a rectangular hole in its side; gate that covers the hole 
and is hinged at the top; force transducer to measure the force needed to open the gate; ruler 
to measure the water depth. 


Experimental Procedure: Measure the height, H, and width, b, of the hole in the tank 
and the distance, L, from the hinge to the point of application of the force, F, that opens 
the gate. Fill the tank with water to a depth h above the bottom of the gate. Use the force 
transducer to determine the force, F, needed to slowly open the gate. Repeat the force mea- 
surements for various water depths. 


Calculations: For arbitrary water depths, h, determine the theoretical force, F, needed to 
open the gate by equating the moment about the hinge from the water force on the gate to 
the moment produced by the applied force, F 


Graph: Plot the experimentally determined force, F, needed to open the gate as ordinates 
and the water depth, A, as abscissas. 


Results: On the same graph, plot the theoretical! force as a function of water depth. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


B FIGURE P2.122 


(Cont) 
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Solution for Problem 2.122: Force Needed to Open a Submerged Gate 


L, in. H, in. b, in. y. Ib/ft*3 ker 14 

5.5 6.0 4.0 62.4 0.003472 

h, in. F, Ib F,, Ib y, - Yc, ft d, ft F, Ib 
21.1 10.1 15.69 0.0138 0.264 9.03 
18.5 8.9 13.43 0.0161 0.266 7.80 
16.2 7.6 11.44 0.0189 0.269 6.71 
14.5 6.7 9.97 0.0217 0.272 5.91 
12.8 5.8 8.49 0.0255 0.276 5.11 
11.1 47 7.02 0.0309 0.281 4.30 
10.1 4.3 6.15 0.0352 0.285 3.83 
7.4 2.9 3.81 0.0568 0.307 2.55 


Since h > H, A = H*b = constant and Kk. = b*H^3/12 = constant. 


F= F,“d/L, where F, = y*(h 3 H/2)*A, d=H/2 + (Yr ii Yc), and Yr Yc = Lo/(N = H/2)*A 





Problem 2.122 
Force, F, vs Water Depth, h 





—E— Experimental 


e au — 
LL. 6 i Ps — Theoretical 








O 
CO 
=" 
O 
— 
C 
NO 
eo 


25 


2-122. 


2.123 Hydrostatic Force on a Submerged Rectangle 


Objective: A quarter-circle block with a vertical rectangular end is attached to a balance 
beam as shown in Fig. P2.123. Water in the tank puts a hydrostatic pressure force on the 
block which causes a clockwise moment about the pivot point. This moment is balanced by 
the counterclockwise moment produced by the weight placed at the end of the balance beam. 
The purpose of this experiment is to determine the weight, W, needed to balance the beam 
as a function of the water depth, h. 


Equipment: Balance beam with an attached quarter-circle, rectangular cross-section block; 
pivot point directly above the vertical end of the beam to support the beam; tank; weights; ruler. 


Experimental Procedure: Measure the inner radius, R,, outer radius, R;, and width, b, 
of the block. Measure the length, L, of the moment arm between the pivot point and the 
weight. Adjust the counter weight on the beam so that the beam is level when there is no 
weight on the beam and no water in the tank. Hang a known mass, m, on the beam and ad- 
just the water level, h, in the tank so that the beam again becomes level. Repeat with differ- 
ent masses and water depths. 


Calculations: For a given water depth, A, determine the hydrostatic pressure force, 
Fk = yh,A, on the vertical end of the block. Aiso determine the point of action of this force, 
a distance yz — y, below the centroid of the area. Note that the equations for Fr and yr — ye 
are different when the water level is below the end of the block (h < R, — R,) than when 
it is above the end of the block (h > R, — R;). 

For a given water depth, determine the theoretical weight needed to balance the beam 
by summing moments about the pivot point. Note that both Fg and W produce a moment. 
However, because the curved sides of the block are circular arcs centered about the pivot 
point, the pressure forces on the curved sides of the block (which act normal to the sides) 
do not produce any moment about the pivot point. Thus the forces on the curved sides do 
not enter into the moment equation. 


Graph: Plot the experimentally determined weight, W, as ordinates and the water depth, 
h, as abscissas. 


Result: On the same graph plot the theoretical weight as a function of water depth. 


Data: To proceed, print this page for reference when you work the problem and ciie& here 
to bring up an EXCEL page with the data for this problem. 


Pivot point 






Counter 
weight 


Weight 


Water 


ERN TaN 
Quarter-circle block 5& FIGURE *2.12.3 


(Con t) 
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Solution for Problem 2.123: Hydrostatic Force on a Submerged Rectangle 


W = 32.2 ft/s^2 * (m kg * 6.825E-2 slug/kg) 


| (Cont) 


R4, in. 


9.0 


m, kg 
0.00 
0.02 
0.04 
0.06 
0.10 
0.12 
0.14 
0.16 
0.18 
0.20 
0.22 
0.24 
0.26 
0.28 
0.30 
0.36 
0.40 
0.45 
0.50 
0.55 


R5, in. L, in. b, in. 
9.0 12.0 3.0 
Experimental 
Ma iit W, Ib 
0.00 0.00 
1.11 0.04 
1.58 0.09 
1.92 0.13 
2.51 0.22 
2.76 0.26 
2.99 0.31 
3.20 0.35 
3.41 0.40 
3.60 0.44 
3.80 0.48 
3.99 0.53 
4.17 0.57 
4.33 0.62 
4.50 0.66 
4.95 0.77 
5.39 0.88 
5.83 0.99 
6.27 1.10 
6.70 12) 


Forh« R- = R4: 
FR = y*(h/2)*h*b 
d = R, - (h/3) 
Forh»Rs;-R, 


Fg = y*(h - (R2 - R)/2) (R2 - R)'b 

d = R3 - (R2 - R2 + (y, - Ye) 

W Ye ~ l1 A 

ke = b*(R3 - Ry)43/12 = 0.000771 ft^4 
h, =h - (R; - R2 

A = b*(R2 -R1) 


Ceot ) 


2= rZ 


Fr, Ib 
0.00 
0.07 

0.14 
0.20 
0.34 
0.41 

0.48 
0.55 
0.63 
0.70 
0.78 
0.86 
0.94 
1.01 

1.08 
1.28 
1.47 
1.66 
1.85 
2.04 


g, fUs^2 
32.2 


yr “Yc; ft 


0.0512 
0.0476 
0.0444 
0.0376 
0.0328 
0.0290 
0.0260 
0.0236 


y, Ib/ft^3 


62.4 


d, ft 
0.750 
0:719 
0.706 
0.697 
0.680 
0.673 
0.667 
0.661 
0.655 
0.650 
0.644 
0.639 
0.634 
0.631 
0.628 
0.621 
0.616 
0.612 
0.609 
0.607 


Theoretical 


W, Ib 
0.000 
0.048 
0.095 
0.139 
0.232 
0.278 
0.323 
0.367 
0.413 
0.456 
0.504 
0.551 
0.597 
0.637 
0.680 
0.794 
0.905 
1.016 
1.1127 
1.236 


Sum moments about pivot to give W*L = Fp*d 


(Cont) 


Problem 2.123 
Weight, W, vs Water Depth, h 
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2.124 Vertical Uplift Force on an Open-Bottom Box 
with Slanted Sides 


Objective: When a box or form as shown in Fig. P2.124 is filled with a liquid, the ver- 
tical force of the liquid on the box tends to lift it off the surface upon which it sits, thus al- 
lowing the liquid to drain from the box. The purpose of this experiment is to determine the 
minimum weight, W, needed to keep the box from lifting off the surface. 


Equipment: An open-bottom box that has vertical side walls and slanted end walls; 
weights; ruler; scale. 


Experimental Procedure: Determine the weight, W,,,, of the empty box and measure 
its length, L, width, b, wall thickness, /, and the angle of the ends, 0. Set the box on a smooth 
surface and place a known mass, m, on it. Slowly fill the box with water and note the depth, 
h, at which the net upward water force is equal to the total weight, W + Wy, where W = mg. 
This condition will be obvious because the friction force between the box and the surface on 
which it sits will be zero and the box will "float" effortlessly along the surface. Repeat for 
various masses and water levels. 


Calculations: Foran arbitrary water depth, h, determine the theoretical weight, W, needed 
to maintain equilibrium with no contact force between the box and the surface below it. This 
can be done by equating the total weight, W + Woa to the net vertical hydrostatic pressure 
force on the box. Calculate this vertical pressure force for two different situations. (1) As- 
sume the vertical pressure force is the vertical component of the pressure forces acting on 
the slanted ends of the box. (2) Assume the vertical upward force is that from part (1) plus 
the pressure force acting under the sides and ends of the box because of the finite thickness, 
t, of the box walls. This additional pressure force is assumed to be due to an average pres- 
sure of Pag = yh/2 acting on the "foot print" area of the box walls. 


Graph: Plot the experimentally determined total weight, W + W,,,, as ordinates and the 
water depth, h, as abscissas. 


Results: On the same graph plot two theoretical total weight verses water depth curves— 
one involving only the slanted-end pressure force, and the other including the slanted end 
and the finite-thickness wall pressure forces. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 





B FIGURE P2.124 


(Cent) 


Solution for Problem 2.124: Vertical Uplift Force on an Open-Bottom Box with Slanted Sides 


0, deg L, ink b, in. t, in. Wbox, Ib y, lb/ft^3 
45 18.3 4.0 0.25 0.942 62.4 

Experimental Theory 1 Theory 2 

m, kg h, in. W + Wrox, Ib h, in. W + Wo, lb Payg: D/ft^2 W + Wie, Ib 
0.00 2.06 0.942 0.00 0.000 0.00 0.000 
0.05 2.23 1.052 0.25 0.009 0.65 0.047 
0.10 2.42 1.162 0.50 0.036 1.30 QE11 
0.15 2.53 1.272 0.75 0.081 1.95 0.194 
0.20 2.67 1.382 1.00 0.144 2.60 0.295 
0.25 2.81 1.491 1.25 0.226 325 0.414 
0.30 2.94 1.601 1.50 0.325 3.90 0:551 
0.35 3.06 dad 11 Heras: 0.442 4.55 0.706 
0.40 3.16 1.821 2.00 0.578 5.20 0.879 
2.25 0.731 5:85 1.070 
2.50 0.903 6.50 1.279 
2.75 1.092 1.15 1.506 
3.00 1.300 7.80 1.752 
3.25 1.526 8.45 2,045 


W 7 g*m = 32.2 ft/s^2 * (m kg * 6.825E-2 slug/kg) 


Theory 1. Including only the slanted-end pressure force: 
W + W,,, = y*Vol 
Vol = b*h*h 
Theory 2. Including the slanted-end pressure force and the finite-thickness wall pressure force: 
W + Wrox = y*VOl + Pavg A 
Davg D 0.5*y*h 
A= (b + 2*t)*(L + 2*t/sin0) - b*L = 8.33 in.^2 = 0.0579 ft^2 


(cont ) 
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Problem 2.124 
Total Weight, W + W,,,, vs Water Depth, h 
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2.125 Air Pad Lift Force 


Objective: As shown in Fig. P2.125, it is possible to lift objects by use of an air pad con- 
sisting of an inverted box that is pressurized by an air supply. If the pressure within the box 
is large enough, the box will lift slightly off the surface, air will flow under its edges, and 
there will be very little frictional force between the box and the surface. The purpose of this 
experiment is to determine the lifting force, W, as a function of pressure, p, within the box. 


Equipment:  Inverted rectangular box; air supply; weights; manometer. 


Experimental Procedure: Connect the air source and the manometer to the inverted 
square box. Determine the weight, W,,,, of the square box and measure its length and width, 
L, and the wall thickness, t. Set the inverted box on a smooth surface and place a known 
mass, m, on it. Increase the air flowrate until the box lifts off the surface slightly and “floats” 
with negligible frictional force. Record the manometer reading, A, under these conditions. 
Repeat the measurements with various masses, 


Calculations: Determine the theoretical weight that can be lifted by the air pad by equat- 
ing the total weight, W + W,,,, to the net vertical pressure force on the box. Here W = mg. 
Calculate this pressure force for two different situations. (1) Assume tlie pressure force is 
equal to the area of the box, A = L?, times the pressure, p = Yh, within the box, where Ym 
is the specific weight of the manometer fluid. (2) Assume that the net pressure force is that 
from part (1) plus the pressure force acting under the edges of the box because of the finite 
thickness, ¢, of the box walls. This additional pressure force is assumed to be due to an av- 
erage pressure Of Pawg = Ymh/2 acting on the "foot print" area of the box walls, 4t(L + 1). 


Graph: Plot the experimentally determined total weight, W + W,,,, as ordinates and the 
pressure within the box, p, as abscissas. 


Results: On the same graph, plot two theoretical total weight verses pressure curves— 
one involving only the pressure times box area pressure force, and the other including the 
pressure times box area and the finite-thickness wall pressure forces. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Weight 






Air supply 


Pee Sd 


‘= 


hi 
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Solution for Problem 2.125: Air Pad Lift Force 


L, in. t, in. Wrox Ib Yu2o. ID/ft^3 
7.5 0.25 1.25 62.4 
Experiment Theory 1 Theory 2 
m, kg h, in. W + Wrox, Ib p, Ib/ft*2 W + Wee, Ib W + Wise, Ib 

0.0 0.54 1.25 2.81 1.10 Gail? 
0.1 0.64 1.47 8.52 1.30 1.39 
0.2 0.74 1.69 9.85 1.50 1.61 
0.3 0.82 1.91 4.26 1.67 1.78 
0.4 0.94 2.13 4.89 1.91 2.04 
0.5 1.04 2.36 5.41 2.11 2.26 
0.6 1.12 2/57 5.82 2.28 2.43 
0.7 1.23 2.79 6.40 2.50 2.67 
0.8 1.32 3.01 6.86 2.68 2.87 
0.9 1.42 3.23 7.38 2.88 3.08 
1.0 1.52 3.45 7.90 3.09 3.30 
1.1 1.63 3.67 8.48 B25 1 3.54 
1.2 1022 3.89 8.94 3.49 a. 3 
1.8 1.83 441] 9.52 du? 3.97 
1.4 1.96 4.33 10.19 3.98 4.26 
1.5 2.06 4.55 10.71 4.18 4.47 
1.6 2.12 4.77 11.02 4.31 4.60 
dT 2.23 4.99 11.60 4.53 4.84 
1.8 2 852 5.21 12.06 4.71 5.04 


W = g*m = 32.2 ft/s^2 * (m kg * 6.825E-2 slug/kg) 


Theory 1. Involving only the pressure times the box area: 
W + Wbox = p*L^2 
P = Yhzo*h 


Theory 2. Involving the pressure times the box area plus the average pressure times the edge area: 
W + Wio p*L^2 -- (p2) (L + 2052 - L^2) 


(Cont) 
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W + Wbox, Ib 








Problem 2.125 
Total Weight, W + Wbox, vs Pressure, p 





e Experimental E 


wwe ~~ Theory 1 (box area 
only) 


Theory 2 (box area 
plus edge area) 
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3.2 Air flows steadily along a streamline from point (1) to point (2) 
with negligible viscous effects. The following conditions are mea- 
sured: At point (1) z, = 2 m and p, = 0 kPa; at point (2) z = 10 
m, p; = 20 N/m?, and V, = 0. Determine the velocity at point (1). 


(2) 

2 2 Z2=!10m 
fi t2 gl +82, = fp 140V sz, | f - 20A 
Thus with fj =0 and V.70, i "E 
toMy tz, = 0 +z, c) 222m 92/238 


» f VU 


2 y=? 
+(n23%4), = 20. 4(,23-52)9.812 (10m-2m) Ios 


or 
2_ 2(20) Nm m » N-m 4 
4 Jas "Eg t 209852) (Pm) = [62 4 (Note: EE: 


kg 
Thos 
V z13.7 m/s 


3.3. 


3.3 Water flows steadily through the vari- 
able area horizontal pipe shown in Fig. P3.3. The 
velocity is given by V = 10(1 + x)i ft/s, where 
x is in feet. Viscous effects are neglected. (a) De- 
termine the pressure gradient, dp/dx, (as a func- 
tion of x) needed to produce this flow. (b) If the 
pressure at section (1) is 50 psi, determine the 
.pressure at (2) by: (i) integration of the pressure 
gradient obtained in (a); (ii) application of the FIGURE P3.3 
Bernoulli equatton. 


(a) -fsn0-3€& =V% but 8-0 and V=10(/ +x) ft/s 
= -oVÆ or M s -eVit =-¢ (1001 4x) (0) 
Thus, de = -1,94 SB (10) (px) , with X im feet 
- PX) f 





Ct 


[ 


fr X e 
(b) Z = -19% (14x) | sotha [da = -194 [(1+X)dx 
e X, «0 


2 
or p= Sopsi - IM (332-45 (L1) = 50-01-39 psi 


(c) pit zew UE, =f trey +02, or with 2,=2, 
=P +e, -W) where V, = 1011 +9) = 08 
V, = 10(143) = 4o# 

Thus, 


fa = 50psi + d (1.94 HES) (10° - 407) 45 (LE, ) = 39.9 psi 


(a) 


Thus, P = 194 sway oE (14x) + 62,4 2, with x in feet 


(b) (2) 


(c) 


3.4 Repeat Problem 3.3 if the pipe is vertical with the flow down. 





-y sine -3& = oV with @ = - 40* and y- rox) E 
W --eVjER* Y or WB --pvflr --e(mtieo)0o +0 
= -/9 (ItX) +62.4 P, 


f X2=3 
g = —/9yu ([4 x) +824 so that (4 = [fou (14x) +62.4] de 


ff 2S pse X,=0 





3* 
or PA = Sopse - 194 (3 2 22 ( Lit) + 62. f (3). ( 


= 50 -/0.14/,3 = 41,2 pss 

L^ _ E: A 
Z * z ol + Oe = fn? iph +i: 2n with =, 20, E,ee3 A | 
and V,-/o(1*0) = e£ | Ve -Jo(I3) -4o tt | 


HE) 


A =p, *£plW. -u^)- SZ, 
= sopsi te (1.9% SY ) (jo' -40*) -62.4 7 Hs (-3 ft) | 
= 41.2056 
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3.5 | An incompressible fluid with density p flows steadily 
past the object shown in Video V3.7 and Fig. P3.5. The fluid Dividing 
velocity along the horizontal dividing streamline streamline 
(—œ = x S —a) is found to be V = Vo(1 + a/x), where a is 
the radius of curvature of the front of the object and V, is the 
upstream velocity. (a) Determine the pressure gradient along Po (p) 
this streamline. (b) If the upstream pressure is py, integrate the 
pressure gradient to obtain the pressure p(x)for ^o» S x s —a. 
(c) Show from the result of part (b) that the pressure at the stag- 
nation point (x = —a) is pọ + pV2/2, as expected from the 
Bernoulli equation. 





BH FIGURE P3.5 


(a) 4 - -eV fT where V= V (l+ +t) 


Thus, AY = dV. Ma. 
Ss X X^ - 





de = d =- (1e -g-(- 52)» ea Gs * s) 
P x X 
(b) (dp H SEd p pal’ f (i + 5) dh Note! p=f, al X=-00 
f^ X= — 08 =o 
or P np" X 
p-f 7 e |- x -27 
7 hus 


(c) From part (4). when X --a 


p| = poem a e] = Attell 
x=-a zur 
From the Bernoulli equation f, + zp y= f *Zel ) 


where ] 
V=V = W, (l +a) 7? 


X= a 


7 hys, f) = A +t oW QS expected. 
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3.6 What pressure gradient along the 
streamline, dp/ds, is required to accelerate water 
in a horizontal pipe at a rate of 30 m/s’? 


ap f .sno-—e yee where 


dS 


k 
Se = — 04s = -999 Hs (30s) 


af = ~ 30.0 k Pa /m 


8=0 and 
aV. - 7 
y£ = a, = D 


= -30,000(-44 ) /m 


3.7 A fluid with a specific weight of 100 lb/ft’ and negligible vis- 


cous effects flows in the pipe shown in Fig. P3.7. The pressures at 

points (1) and (2) are 400 lb/ft” and 900 lb/ft’, respectively. The — 4,7 ae 
velocities at points (1) and (2) are equal. Is the fluid accelerating Se Se 
uphill, downhill, or not accelerating? Explain. 






HFIGURE P37 


Tf the flow is steady lie, nol acceler ating), then 
(0 — f*zpV «t2, =f, +20, HZ, 
But V, *V.. Thus, tor steady flow 
Pr HZ ff: * à Z, : where. if we cel 2,20, then Z, 2U 0H) sin 30" = 5 ft 
tor the given data, Eg, (I) becomes 


(400) Hl 00 a) (5 fl) = (900 12) 


Or 
lb _ Ib 
900 y = 900 am 


That is, £o. (1) (the steady flow eqation) is Valid, 
The flow is not accelerating 





Mole: Tf the flow were accelerating the pressure difference 


between poils (I) and (2) wovld be difforent than the given 
(900—400) 3 = £00 Jb, 


LE 


3.8 What pressure gradient along the streamline, dp/ds, is required 
to accelerate water upward in a vertical pipe at a rate of 30 ft/s^? 
What is the answer if the flow is downward? 


M - -Ysió -eVÍT where © = 90° for up thw , 
@ = -90 for down flow, 

wv og = 1 
Thus, fon up tlw ands Vig =A = 30 Se 
h ; 
Ip . -62.9() 25, — 424 Sh ds(so 1i) = -120.62 /fi cU edel 


dS 
and for down flow 


dp _ odb ygu SS a9 ft) = Ib i 
de = S24CN ga ~ 194 gr oF) = 420 (24) -a0292 AY 


| 3.9 


j 


3.q Consider a compressible fluid for which to obtain the "Bernoulli equation” for this com- 
the pressure and density are related by p/p” = pressible flow as [n/(n — l)lp/p + V?/2 + 
C,, where and C, are constants. Integrate the gz = constant. 


equation of motion along the streamline, Eq. 3.6, 


dp i Ma aX constant alone a sireaniin: 
6 2 7 ' 
an 








d h 
o” = £ or p= a SO that 
P uL P l-7 
(re (4 "a (pp = GTP + cost 
Thus, z 
E Gey a 
(2 uS ? S) SET (3 


: 2 
Hence: T 4 +3V°+g2 =constant along a streamline 








10 


3.40  Anincompressible fluid flows steadily past sure at the stagnation point (x = —a) is po + 
a circular cylinder as shown in Fig. P340. The fluid pV 5/2, as expected from the Bernoulli equation. 
velocity along the dividing streamline (~œ <s 


x € ~a) is found to be V = V, (1 — a?/x*), Dividing 








where a is the radius of the cylinder and V, is the streamline 

upstream velocity. (a) Determine the pressure Vo 

gradient along this streamline. (b) If the upstream pe = " 
0 


pressure is po. integrate the pressure gradient to 

obtain the pressure p(x) for -œ =x s ~a. 

(c) Show from the result of part (b) that the pres- dis Ts 
FIGURE P3.10 


(a) P= -pysme-oViLb but x0 and Jt = gh ax - wv 
Thus 2]1/-2 2. 

Í , = Vo [«] XS) 25a! 
i£ = - V3 - -zoa'u*[i - (8/1/48 





, E T 27 dx 
o (b (à o pA nen (fi tr 
Po = — 00 -— 09 
= -2pa^y* (x3 2*5] dx 
Thos, T 
| "E 
P =P teh [&) -z($] for -cexxs-a 
(c) For X=-@ J from part lb): 
pl = Po * e [09-4 c ] -A*tipgW 


X = -Q 


Note: Bernoulli equation from point t) where Y= nf 
and Z,-2Zo to point (2) where Va=0 j Z2=2o0 gives 


2 
At LOV *T2,-9,420V +022 
or 


P= Po +z 





3.1 


3.1 | Consider a compressible liquid that has a constant bulk 
modulus. Integrate “F = ma’’ along a streamline to obtain the 


equivalent of the Bernoulli equation for this flow. Assume 
steady, inviscid flow. 


From £e, 3.6 
dp +7 pd(V*)+Sdz=0 where w= 9 
and dp £, de where 


E, = bulk modulus = constant 


(see Eq. 1.13) 
Thus, along a streamline: 


E $ +ted(v)+pgdz=0 or 
E, SĘ + d (EV?) +gdz =0 


between points (I) and (2) to give 
Ps, V2 Z4 
£ = 
E ( Z + (d(4v )+ (gaz 0 
e, Vi £i 
or 
E [7 8] + ALM Weg eo 
Hence: 


2. 
gz - Ev , ia = constant along a streamline 
Vl edat EE ue XC da SC ce PS Se MC Lp 





which can be integrated between 





[9.78 


3.13 Air flows along a horizontal, curved streamline with a 20 ft 
radius with a speed of 100 ft/s. Determine the pressure gradient 
normal to the streamline. 


-if a = oF = o , where 2 zQ since the streamine is horizontal, 


Thus, | ^ 
dA -eV (00238 48) (100 ^ # 
gn R 20H : V 


u ly Ib Jb 
zd es sino) RP, [43 
sz = 


[3.74 | | 
E 
3.1% — Water flows around the vertical two-di- 


mensional bend with circular streamlines and 
constant velocity as shown in Fig. P3.14. If the 
pressure is 40 kPa at point (1), determine the 


pressures at points (2) and (3). Assume that the (3) 
velocity profile is uniform as indicated. S 1m -— 
= E = 10 m/s 
FIGURE P3.14 iki ama! 
2 (1) 
Eb - of = a wrth gz =| ond V= l0om/s 


Thus, with R= 6-n 


TOC PER ae 
g = ri 1 Or 
n n n 2 
V dh 
(£d, - - (rds - ( £7" 
n-o nzo n=O 
so that since and V are constants 


p-p, = -tn - ev? (25 
n=0 
Thos, : 
P= -ln - eV" In(-z5z) 
With pa, = Vo kPa and n, =/m* o, =¥0kPy 98X10 £5 (Lm) 
- 999 28, (102) |n ($) 


or 
f= 12,0 kPa 


and 
with fh * ¢40kfa and fy 22m V = 40 ka- 2 POX ya (2m) 
k my 6 
-999 7$ (102) |n (g) 
or 


f - -20.I! kPa 


"Sud 


$ z ; 
3.15 Water flows around a vertical two-di- | 
mensional bend with circular streamlines as is 20 ft R 
shown in Fig. P3.15 The pressure at point (1) is 
measured to be p, = 25 psi and the velocity across Py = 25 psi 
section a--a is as indicated in the table. Calculate e; 
and plot the pressure across section a-a of the : 
channel [p = p(z) for0s z <£ 2 ft]. l 
(1) 
ah JA 
V = Viz) 
FIGURE P3.15 nz zi Ll 
ar 7 
we, 


-y dZ - 9 = er j with ge =| j R =22-N, and V= Vin) as given 
in the table with z-h. 


see y2 

54 = 6-7 2-m 

or ey =2 n=2 y2 
So = -jeh -Jarm dn 


or 


nza 2 
P-e =-ğ (2-n) - e( dn 


n "n^ 
Hence with Y- 424 1, , p-L94 3095, andg 252. (F) 
- 3600 rA this gives 





where PF, pn-fl t) 


J 


2 
p = 3600 + 62.4(2-n)+1,94 tata dn 
n 
For O €n*2 vse the dala in the table (V=Vin), where n-z) 
and integrate numerically to determine p= pin). 





z (ft) V (ft/s) 
0 0 
0.2 6.0 
0.4 14.3 
0.6 20.0 
0.8 19.5 
1.0 15.6 
L2 §.3 
1.4 6.2 
1.6 3.7 
1.8 3.0 
2.0 Ü 


(con't) 


3800 


3650 


3600 


O 


value of integral! p, !b/ft*2 


13.33 
13.04 
11.8 
8.98 
9.32 
2.37 
0.879 
0.361 
0.107 
0.02 
0 


0.5 


3751 
3738 
3723 
3705 
3685 
3667 
3652 
3638 
3625 
3613 
3600 


3-/ 


1.5 








3.16 


3.16 | Water in a container and air in a tornado flow in hor- d 
izontal circular streamlines of radius r and speed V as shown 

in Video V3. 6and Fig. P3.16 Determine the radial pressure 

gradient, dp/dr, needed for the following situations: (a) The 

fluid is water with r = 3 in. and V = 0.8 ft/s. (b) The fluid 

is air with r = 300 ft and V = 200 mph. 


m FIGURE P3.16 
For ourved streamlines, 
- gp - ev" y dz , or with a 20 (horizontal streamlines), 7r, 
and 2. bs Lr this becomes 
2. 
4p. pv 


ar n 
/ 
a) With r= az f and V=0.82 and water (p * 4?* E ), 


d E 1.9% SI (0.8 E) 2d 77 slugs - 4,97 5; 
re gear cH dh 





ft 
(b) WHh r=300f and V= 200 C = 293 it 


and air ( p= 0.00238 se) | 
ep ` 0.00238 Sp 3 (293 ËF 1 
j 


b 
300 ft 0. 681-3285... = 0.681 TJ3 


| 
ji 





streamline (1) -(2) is immersed in 

a pressure field prodveed by all 

of the surrounding air particles. 
Gravily and pressure effects precisely 
balance centritugal acceleration effects. 


That is, 


3.17 Air flows smoothly over the hood of your car and up 
past the windshield. However, a bug in the air does not follow 
the same path; it becornes splattered against the windshield. 
Explain why this is so. 


An air parlicle flowing along 





-YF -IE gv , where Y and p are the specitic weight and 
iE: densily of the » j 


R 





air particle Follows 
streamline past windshield 


do © P, bul it “feels” the same 


A bug is more dense than air, 0 
pressure field, which is not sutticient to make it torn as sharply as the 


ain does. Hence, K, > R and the bw hits the windshield- 


i 





3.19 


3.19 Ata given point on a horizontal streamline in flowing air, the (1) (2) 

static pressure is — 2.0 psi (i.e., a vacuum) and the velocity is 150 ft/s, Vj; 

Determine the pressure at a Stagnation point on that streamline. V 2150 fi V 20 / 
l S 2 


f + 20V «EZ = pat toV? HZ, 


where z,*Z, and Vs 20 
Thus, 


fF f +zeV "= (-2.0; i) (Hs 5) +4 $ (0.00238 SHE) ()50 $h)? 


-29896 " + 24.9% 


A 


IP fees (Slo) 


ELE Fa = helps 





a1 


F2] 


3.21 When an airplane is flying 200 mph at 
5000-tt altitude in a standard atmosphere, the air 
velocity at a certain point on the wing is 273 mph 


L ey^4zg =constant 


(a) p*z 


Thus, with Z, «2,2, 


Pi 
^ * £elV-W] 


+7 el,” 


= fpa tzpk 


relative to the airplane. What suction pressure is 
developed on the wing at that point? What is the 
pressure at the leading edge (a stagnatton point) 
of the wing? 


but p,=0 so that 





where V= 200mph ( EEE ee f ) = 223 E 
4  áomph 
an 
us 272 mph (78 L, = 4008 


= 
Í A= 4 (2.05x/0 r3 [293° — 400 J£ EU 


= — 76.0 4, 


= 4(2.05X/0 35599) (2231 H)y- 82. o lb, 


(gage) 


2, (gage) 


EET 


3.22 Some animals have learned to take ad- 
vantage of the Bernoulli effect without having 
read a fluid mechanics book. For example, a typ- 
ical prairie dog burrow contains two entrances— 
a flat front door, and a mounded back door as 
shown in Fig. P3.2?.. When the wind blows with 
velocity V, across the front door, the average 
velocity across the back door is greater than V, 
because of the mound. Assume the air velocity 
across the back door is 1.07V,. For a wind velocity 
of 6 m/s. what pressure differences, p, — p», is 
generated to provide a fresh air flow within the 
burrow? 


Vo 


(1) 
E 


FIGURE P3.22 


f "E eV + KE, = fA 40V + EF 
Thus, with negligible gravitational effects (čo. 2,9 22) 
P fz = Ee Vi") 


= £(1.23 4$.) ((.97 (6 2Y - (6 £y) 


or 
frfa = 9 fa 


323 


3.23 A loon is a diving bird equally at home 
"flying" in the air or water. What swimming ve- 
locity under water will produce a dynamic pres- 
sure equal to that when it flies in the air at 


40 mph? 
ah 
y: 2 / e = Cair 
2 Es V = 2 yo Vno Or o = Oo Vir 
Thus, luas 
T 2.38x10? “Fs gomph) = /.40mph 
H20 or sns (ro ma n 
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3.24 


3.24% A person thrusts his hand into the water 
while traveling 3 m/s in a motor boat. What is 
the maximum pressure on his hand? 


2 2 . 
Pp iz = £2 9% an with 2, = 22 


2 d 2 
Ü a 7 Ee F 
5-29 P V =0 
Thos, s : 
= ! 
f. 7 ig V -zepW or p=} (999 fa) (32) = 4 500% =450 kf, 


3.25 


3.25 A Pitot-static tube is used to measure 
thc velocity of hclium in a pipc. The temperature 
and pressure are 40 °F and 25 psia. A water ma- 
nometer connected to the Pitot-static tube indi- 
cates a reading of 2.3 in. Determine the helium 
velocity. Is it reasonable to consider the flow as fH 
incompressible? Explain. 
TC 


A az. G+ M ez, p* a S | 
with Z; = Z2 J y= V, and V 5-0 
Thus, 
2g (A. | 2 p2-f) 
- xus nad e 
where 
2 o 25% (IR) T TT E 
mn RT (1. 242 xi L5 2 z 5 ) (460 + 90)*R fi 


: > 
and since or * 


Aere h- 62.4 1e TES 2 ff) =//.96 a 


TAvs, Fay TO 
&,80Xx/í0 s L——— 
— 


Note: m =% where c-VkRT 


TAUS, t ly. 
C= |^. 66 (4, 292X/0 OTR E (460 + ¥0) e] = 3 2/0 4 " 


205 Ít 
p^ 32H = 0.063 <x 0.3 7 fps, the Slow CGI be 
considered incompress thle. 


4-42 


3.26 


3.26 An inviscid fluid flows steadily along the stagnation 
streamline shown in Fig. P3.26and Video V3.7 starting with 
speed V, far upstream of the object. Upon leaving the stagna- 
tion point, point (1), the fluid speed along the surface of the ob- 
ject is assumed to be given by V = 2 V, sin 6, where @ is the 
angle indicated. At what angular position, 65, should a hole be 
drilled to give a pressure difference of p, — p, = pVà/2? Grav- 
ity is negligible. 





A pde edet 
so that if | 
p- f= 20 le then Vo * Vo 


That js: 
V 72V, sine €Vl or sinh, = 


2 
Hence, 0, = 3 l 
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3.2:7 


3.27 A water-filled manometer is connected to a Pitot-static — (,) 
tube to measure a nominal airspeed of 50 ft/s. It is assumed that 
a change in the manometer reading of 0.002 in. can be detected. 
What is the minimum deviation from the 50 ft/s airspeed that 4 


can be detected by this system? Repeat the problem if the nom- h 
(2) | : T 
2 2 
fi V = f + Va Z h = 0 V =0 
tol +Z, = -y = wnere = 2 
E34. OW 9 nes 


inal airspeed is 5 tus. 
Z= 22 J and f£ 7 bo 


Thus 

slugs 2 f1? in. 
yo . Soh r pV? _ (0.002385 75 Vi $3230) 
2g J M dd h z u0 2 (62.4 ma) 


Hence, h = 2.29x10* V. where V~ fs and h~n. 
For V = soft this gives 

h= 2.29x10°( 50) = 0.573 if. 

while for V = 54% it gives 


h =2.29x10°(5)* = 0.00573 ja. 


With ht+0.002in. from these nominal valves we obtain 





h, in. V, fs 
0,5 7/ 4 9.0 
0.573 50.0 
0.525 50,1 
0.00373 4+, 04 
0.00573 5.00 
0.00773 5.81 


Thus, with V, - SOfl& the minimum air speed deviation that can 
be detected js £0.1 114 ; for V, - 5 fl/s il is +0.81 HL. 


2.28 | 


3.28 (See Fluids in the News article titled “Incorrect raindrop 30 
shape,” Section 3.2.) The speed, V, at which a raindrop falls is a 
function of its diameter, D, as shown in Fig. P3.28. For what sized 29 
raindrop will the stagnation pressure be equal to half the internal 


pressure caused by surface tension. Recall from Section 1.9 that the Ep 
pressure inside a drop is Ap = 4a/D greater than the surrounding = 15 
pressure, where c is the surface tension. > 
10 
5 
0 
0 0.05 0.1 0.15 0.2 


D, in. 
HFIGURE P3.28 
Determine diameter D tor which 


Zp y^- z[407/0D] , or 
+ (0.002380) V^ z [5 03x10 gr) /D | 
or 


D= 8.45/v" where D^fl and V~ fts 


D=101/V" , where D^ in. and V^ fifs (1) 
Thus, there are Zunknowns, Dand V, and 2 equations, Eg. () and Fig. P3, 2.8, 


The solvtion is given by the intersection of these two D -Voraphs 4s 
shown below. 


i 












































Thos, D= O/4in, = 3.6mm 


3.29 


3.29 (See Fluids in the News article titled “Pressurized eyes,” 
Section 3.5.) Determine the air velocity needed to produce a stag- 
nation pressure equal to 10 mm of mercury. 


oV» Qua, = 10 mn of mercury = dy h , where ty = 133410% 


J 


Thus 
ud: 2 Im 
7 (I. 23 B4) V = Jomm (Tromm) (133x104) 
or 
V= Z6, 5 m/s 
3.30 


3.30 (See Fluids in the News article titled “Bugged and plugged 
Pitot tubes," Section 3.5.) A airplane's Pitot tube used to indicated 
airspeed is partially plugged by an insect nest so that it measures 
60% of the stagnation pressure rather than the actual stagnation 
pressure. If the airspeed indicator indicates that the plane is flying 
150 mph, what is the actual airspeed? 


When unpl/gged the air speed indicator would register a pressure 
difference of 


Ap=zoV'= zp(Isonph) 
at / 50 mph. 


However, when pligged and the reading indrcales /Somph, the actval 
Speed wovld be 


or 
V= 194 mph 
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3.32 Water flows through a hole in the bottom of a large, open tank 
with a speed of 8 m/s. Determine the depth of water in the tank. Vis- 
cous effects are negligible. 


2. 2 
ftzel tz, = f, + z ph Hz 
Thus, with fp * f? M 79, 


yz, eraa , where 0209 and zZz =h 
$0 that 
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3.32 | 


3.33 Water flows from the faucet on the first floor of the 
building shown in Fig. P3.33 with a maximum velocity of 20 
ft/s. For steady inviscid flow, determine the maximum water 
velocity from the basement faucet and from the faucet on the 
second floor (assume each floor is 12 ft tall). 


T + Pom Z = constant 


d Shanice mem 


(); 
Y= 20 ft/s y: Y 


RSS 





I LÁ Hu Jr tod i 


B FIGURE P3.33 


2 with f = fy =0 4 tree Jet) 
ad Y 20s z-9f 
(- 8 f1) 2, P 


2. 2 
And pı, M. +Z, = rte +2, with =p, =0 (free jet) 


2] 
Thus, fp taht, = ER, TE 
on 
ov "a 
-I——— t 
yc: e R 
on \4 = 3*2 ft 
g -— 
(202) au. LL 
Am 2 £i) r TEES 


and yra £ Z,= %7 tf 


] 
Z, =/6 ff 
+ /6 H 


/, = 20* -2(32.2)(12) = V — 373 Impossible! No flow 
from Second ffoor faucet. 
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^3.35 An inviscid liquid drains from a large 
tank through a square duct of width b as shown 
in Fig. P3.35. The velocity of the ffuid at the outict 
Is not precisely uniform because of the difference 
in elevation across the outlet. If b « h, this dif- 
ference in velocity is negligible. For given b and 
h, determine v as a function of x and integrate 
the results to determine the average velocity, 
V = Q/b. Plot the velocity distribution, v = 
u(x), across the outlet ifh = 1 and b = 0.1, 0.2, 
0.4, 0.6, 0.8, and 1.0 m. How smal! must b be FIGURE P3.35 
if the centerline velocity, v at x = 6/2, is to be 
within 3% of the average Nelecuyf 


2 
ftat z= 6 + -= + Z3 j where f= f27 =O, V, =Q, Vo = ar 
Z=0, and Z lbs bix 
Thus, ^ j 


= 6h32 X) or ME (n) 


Also, Lo 
Q = (adh = (wes dx = 29 fg cor by - bz (2)(xth-4 





X-0 
Q- 2b yzg |(h« b^ -(b-2y* | 
"^ with Q=AV=b*V this gives 
Z Weg (h^ -(h-#) | - 


Plot ar =ar(x) from Eg.(I) from X=O lo X=b with h=)m and 
b=0.!,0.2,0.4,0.6,0.8, and 1.0m, See the graph al the end 
of this problem solution. 


Let V= centerline velocity = "wi La s where from £o. (I): 


V. = V2gh (2 
Note that in the limiting case of = Pah the average 
velocity (see £9.(2)) is 


3 34 
V| = sér Yap | G9] = 7 Vagh = 0.743 Yagh 


=h = 0.943 V. 


(con't) 
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(con't 


Thos, for b=2h i =a = [, O60 
In the other limit as b -0 we can use the expansions (valid for small) 
that (h* Y^ = h(l) e B^(1* 2(3)*7) and 
(h- BY* = P(- 3)* = p^ (72) 


Hence , Eq. (2) in the limit = 0 gives 
V] = spt eps 260-1728] - Fg HS) 
b--0 


or 
V| = (29h ,as isto be expected. Thus, Me >| qs b-0 


ST Me 1,060 
V 

We are lo determine the 

value of b that gives | 

V-V = 0.03V, or 





Ye 2103 

That is, trove Egs. (22and (3): 
Pgh = Lo (s) Vag (h^ -(h-B^] , or with = oh 

3h = 1.03] (+) - l-n ] 

Hence, find the root of the function F(y) = 1.03f(14%)* -( 1-4) ]-3) 


ie, 9 such that FÜ)-0.. By ysing a standard root- Finding 
computer program we obtain 


p = 0.779 
ed 

Thus, » =0.779 = 2h 

or 

b= 2(0.779)h = 1.56 h 


For b<156h it follows that the centerline velocity is within 
3% of the average velocity. 





(con't) 


Typical velocity profiles are shown below. 


1.0 
| Legend x 
b=0.1 m 7 d 
eee St m b#0.4 m Pa 
= ee b=. O ff / 
0.8 # 
A 
P 
4 
Z 
4 
v i 
0.6 ar 
ze 
£ / 
2 
x JU 
^ d 
0.4 7 
Pp 
/ 
P. 
gt 
» 
Z 
ae 
0.2 e 
T as , 
Z 
a 
"^ 
P 
at 
0.0 
3 4 5 5 
V (m/s) 





3.36 


3.36 Several holes are punched into a tin can 
as shown in Fig. P3.36. Which of the figures rep- 
resents the variation of the water velocity as it 
leaves the holes? Justify your choice. 





(a) (b) (c) 
FIGURE P3.36 


P HU e = constant so that with V, =0 g£,-0 and 2,7 h, 
at the free surface, then 


h = th so that V, = V29 Chi-ha) =2gh 
Dr V2 
or 
h 





Fig.ta) is correct distributio 


3.37 Water flows from a garden hose nozzle with a velocity 
of |5 m/s. What is the maximum height that it can reach above 


the nozzle? 


"ON, w 
= f+ 
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3.38 


3.38 Water flows from a pressurized tank, through a 6-in.-diameter 
pipe, exits from a 2-in.-diameter nozzle, and rises 20 ft above the 
nozzle as shown in Fig. P3.38. Determine the pressure in the tank if 
the flow is steady, frictionless, and incompressible. 





E. + Li pikon, E FIGURE P3.38 
where AA V, =0, Z, =2 ft, Z, = 2241 and f z (] 


Thus, 
b eJ i 
fi 22-2, 


on 


fy = Y (72-2) =62.4 ds) (2210 -2 I) = Jaye 1e p? 
Note : The diameler of the pipe or Voz zle ane nol needed 
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3.39 


3.39 An inviscid, incompressible liquid flows steadily from 
the large pressurized tank shown in Fig. P.3.39. The velocity at 
the exit is 40 fUs. Determine the specific gravity of the liquid 
in the tank. 





Va m FIGURE P3.3q 


where n " 
fi = 1o (IH E :) “144053 qo, 


Z,-/sh Z,.=0 y, £v and V = Hot 


Thus, ^ 
J440 Ib/fl 4 (t #/s) 
yt ee 
or 
Y = 146.3 f 
Hence, 


SG S _ 146 bf HP 
Oo 62.4 I3 


ES 





= 2.3 
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3.40 


3.40 Water flows from the tank shown in Fig. P3.40.1f viscous 
effects are negligible determine the value of h in terms of H and 
the specific gravity, SG, of the manometer fluid. 





fir Wrz, - 4 ie be iiA | pro fW 
Thus, 

e =H () 
But, p, - fa * E = p, =p t F(I IIT h) *SeY'h 

" = Y(H-h-*Sch) (2) 


Combine Eqns. (1) and (2) lo give: 
H -(M*(sc-I)h) 
or 


(SG-Nh «0 
Thus, if SG#l, then =O fer any SG 





3.4 


3.41 (See Fluids in the News article titled “Armed with a water 
jet for hunting," Section 3.4.) Determine the pressure needed in (2) 
the gills of an archerfish if it can shoot a jet of water 1 m vertically 
upward. Assume steady, inviscid flow. 


m 
| movth 
From the ge "Wo Az | 
21 j|! ; gills 
£L i ve tz, = #24442, i) 


"Ma y R0 a a ) ^2 lm (small fish), f = 0 (free jet ) 
and V. *O (top of vertical water jet. 


Thus, 
f= Z-Z or p,=0(%r%) = .80xj0 L (Im) = ? 9, e0x)0 A. = = 4, 80 kla 
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3.43 


3.43 Air flows steadily through a horizontal 4-in.-diameter pipe and 
exits into the atmosphere through a 3-in.-diameter nozzle. The veloc- 
ity at the nozzle exit is 150 ft/s. Determine the pressure in the pipe if 
viscous effects are negligible. 


From Bernovllis equa tion, 





f +toVy + FZ, = f2 t ZoV «rz; 

Thus, with Z, =Z: , fa, ahd Ve = Isot 
f *ze(V-V*) 

But AM - AV. , or. V ea We -(2) V =(22) (soft) - ena # 
Thus, 


f = + (o. 00232 SHE) fiso -( egu f7 |= [§.3 Jt E71 





or 


f T A & 0.127 psi 
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3.44 


3.44 A fire hose nozzle has a diameter of 14 
in. According to some fire codes, the nozzle must 
be capable of delivering at least 250 gal/min. If 
the nozzle is attached to a 3-in.-diameter hose, 
what pressure must be maintained just upstream 
of the nozzle to deliver this flowrate? 


D -3in. 


D = ^/285 M. 
Aes y Z, = x t= id Z2 - 
9 3 i aem Và 


with Ri EEn : A=? 
| 47 3 
and Q =(250 245) (23 tt) i os) (Le) = 0.557 £* 


60S 
Thus, P$ y 
: 0.557 LE 
p V ss [w^-w*] where "n - ^h LIAE, S = 80.7. 
7 (4) 8 
and 
ie . aui , 
iA = By E CU 
L^ T0825 


so that with z-£ 
sly 2 2 gp 
f, + (1.77 $79)] 80-7 - /1.34 ]£& 


= 6/90 4 = 430 psi 


n 





5e 


35 


3.5 


shown in Video V8./4and Fig. P3.45 rises 2.8 inches above 
the outlet. Determine the flowrate. 


Water flowing from the 0.75-in.-diameter outlet 





m FIGURE P3.45 
The flowrate is Q=A,V,, where from 
the Bernoulli equation 


Uim us A 
qa thc Get ag +72 


Thus, with’ p, =f, = 2, = Ve=0 we obtain 
V -1222, = (2 (62.2 %7) (2.8/m)fl = 3.88 ft/s 
so that 


2 3 
Q= AY, - dn) (3.88 £) = 0.011 H 
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3.46 | 


3.46 Pop (with the same properties as water) flows from a 
4-in. diameter pop container that contains three holes as shown in 


Fig. P346 (see Video 3.9). The diameter of each fluid stream is Sur f ace 
0.15 in., and the distance between holes is 2 in. If viscous effects h b> 

are negligible and quasi-steady conditions are assumed, determine a > 
the time at which the pop stops draining from the top hole. h 
Assume the pop surface is 2 in. above the top hole whens = 0, h, a 


Compare your results with the time you measure from the video. 





Q = Q + Q, + Q. _ | 4 B FIGURE P3.46 

where Q; = VA; = r A; and H,=A, =A, = -F (5 4 z ft): 
((1,2,2) - 4,227 x [0 H? 

MS A, = z(4 gy = 0.0873 [|^ 

V22 A, |n, * fh, * V5, | = “A, St, where hh, h, =h+L, h,=h+2L 

Hence, " and L=2in. 


tg Ye es i. ee mda dio Po Tm 
: ( "d (Uh +h +Vhr22) irr Ie ias 


to reach the vapor hole 
Or £ (h=0) iP 
” Alpe te | (Vh +Vh+L "Mh2L) 
0. 08 73 H° i dh 
~ (227x10 rg" \{2)(32; 2 ft/s* F ATL +22) 
Thus L 


$= 88.7 = 32 ft = 0.1667 ff 


( MM - where L 
) (th +YhtL +Vhr2L) 
Note: With Lin feet, this equation gives t in seconds. 


(con't) 
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(con't) 


The numerical value of the integral is obtained by vsing the 
trapezoidal rule since the closed form analytical solution 
js not given in integral tables. The EXCEL spread sheet vsed 


for this is given below. 


L | 
45 887 fth)dh where fU - vasi REED 


O 


= nap EP he) -(88.7 ja [ozo |= 10.75 


h, in. h, ft f() Uf 7^ — (UDE + f (ha-h)ft^ — ij 
0.0 0.0000 1.015 0.00804 1 
0.1 0.0083 0.914 0.00743 2 
0.2 0.0167 0.870 0.007 11 3 
0.3 0.0250 0.837 0.00686 4 
0.4 0.0333 0.810 0.00665 5 
0.5 0.0417 0.786 0.00646 6 
0.6 0.0500 0.764 0.00629 7 
0.7 0.0583 0.745 0.00614 8 
0.8 0.0667 0.728 0.00600 9 
0.9 0.0750 0.712 0.00587 10 
1.0 0.0833 0.697 0.00575 11 
tel 0.0917 0.684 0.00564 12 
1.2 0.1000 0.671 0.00554 13 
1.3 0.1083 0.659 0.00544 14 
1.4 0.1167 0.647 0.00535 15 
1.5 0.1250 0.637 0.00526 16 
1.6 0.1333 0.627 0.00518 17 
ger 0.1417 0.617 0.00510 18 
1.8 0.1500 0.608 0.00503 19 
1.9 0.1583 0.599 0.00496 20 
2.0 0.1667 0.591 21 

Sum of column = integral = 0.12011 


Thus, t = 88.7*0.12011 = 10.7 s 


3:47 


3.47 Water (assumed inviscid and incompressible) flows steadily 
in the vertical variable-area pipe shown in Fig. P3.47. Determine 
the flowrate if the pressure in each of the gages reads 50 kPa.. 


From the Bernoulli equation, 
4 * 20V +02, = 9, 'zpW «dz, 
where f =p, = 50 kPa MFiGURE P3.47 
Ths, 

(0  Zze(-W)-(vY(z-Z) 
Also, A,V, “Aa h, or 


y= al, (E =v, = G2) v. -2)v, - 2v. 
Hence, Eg. (i) pa es 


ze) -z V^] = 09 (z,-22) 





Or 

TAA -2g(2,-22) = 2(9,817)(10m) 
or 

V =74, 5 # 

This, 


Q = AsV, = (Im) (652) = 4 


3.48 


3.48 Airis drawn into a wind tunnel used for testing auto- 
mobiles as shown in Fig. P3.48. (a) Determine the manometer 
reading, h, when the velocity in the test section is 60 mph. Note 
that there is a 1-in. column of oil on the water in the manome- 
ter. (b) Determine the difference between the stagnation pres- 
sure on the front of the automobile and the pressure in the test 
section. 


















LN Wind tunnel 
Ner eree I a R E r FIO ea as OE A a tonem 
(1) Ny 60 mph (2) 
s A" , (3) dnd A tine 
— UR IS 
fo ma i a nu Med! Puditiorzk - NOSTER PETIT UR SESS 
f f~ Open ran 


MI E in. 


Water i gi ‘Oil (SG = 0.9) 
B FIGURE P3.48 


(a) Aitz tae = Bs Biz, 


where 
Z= Za , f,<0, and V=0 


Thus with Vo = = 60 mph = ee ft 


E... 
= x or 
7 


f--z a --42 (0,00238 S48) (ee BY = -9.22 te 

Bd pot [e <0 where dey =09 linge 0.(62.14,) 
Thus, seed . 

-2.227 nd slh H) ~ 56.2 2, raf) =0 er h=0.223 ff 


or 


3,44 


3,44  Small-diameter, high-pressure liquid jets can be used 
to cut various materials as shown in Fig. P3.49, If viscous ef- 
fects are negligible, estimate the pressure needed to produce a 
0.10-mm-diameter water jet with a speed of 700 m/s. Deter- 
mine the flowrate. 






_— 90.1 mm 


(I) 
-4 
D, =10 'm NI T 
(2) p dius ANS 
Va BH FIGURE P3.#9 
2 2 
£f. "m tZ + P 


T tz. where 4x0 | Z, 7% 22, and f» 
Thus f = iyu = $e = z (999 2,)( 700%)" = 2.%5x/07 ae 


Pi 
= -6 m? 
Q=V,A, = 700 [2 (10 ^» | =5,50x/0 2 
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3.50 


3.50 Water (assumed inviscid and incompressible) flows 
steadily with a speed of 10 ft/s from the large tank shown in Fig. 
P3.50. Determine the depth, H, of the layer of light liquid 
(specific weight = 50 lb/ft?) that covers the water in the tank. 





BFIGURE P3.50 


From is Bernoulli equation, 
£L. He 22 TUR PA + Za 
where. $= GH V =O. p27, z-^7fl and Za 75 ff 
7 hus, . 
& y tz = E! +Z, so that with V,7 lofts. 


7 
zo lb/ f? (I0 ft/s Y, 
62,7 [b/f13 )H +4 ff = 2(32,211/s?) *5fí 


Therefore, 
H = 3.18 f] 
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3.5] : j 


3.51 Water flows through the pipe contrac- 
tion shown in Fig. P3.5!. For the given 0.2-m 
difference in manometer level, determine the flow- 
rate as a function of the diameter of the small 
pipe, D. 





" =h, and g,-Yh; so that p,-f2=0lh-he)= 0.20 


Thos, 


V= 2g 258 =Ļ2 g (0.2) 
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3.52 


3.52 Water flows through the pipe contrac- 
tion shown in Fig. P3.52. For the given 0.2-m 
difference in the manometer level, determine the 
flowrate as a function of the diameter of the small 





pipe, D. FS A ES 
^ FIGURE P3.52 
2 2 
s m tZ, = = arr + Zo with A, V, (Fo) 
77 D2 
Thus, with ae i om = (0,4) ^ (£4) V 
fife yar 1G) - iu? 
i + D =f 
dia 
p = $^, gnd p= ha so That P fa” (h, -h2) =0.2 7 
T€ 
[CS 4)* 7] v? m. J x 22 (eg) 
2g : T b 1] 
d 






0.2 (2 (9.8/)) 


[a 


2. 
: 0.0156 D p 


yo -p* <$ 


Q-A V, =F (0.1) 


when D~m 
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3.53 


3.52 Water flows through the pipe contraction shown in 
Fig. P3.53.For the given 0.2-m difference in the manometer 
level, determine the flowrate as a function- of the diameter of 
the small pipe, D. 





BFIGURE P3.53 
2 2 
A tu tZ SÉ AC. TA 


Where Z,= Zp and V2 <0. 
Thus, 

VA 
Hit - & 
But 
Fl = x and 5 = 0,2m 4x so that 

2 
X m =O.2mtxX or 


7 
l 
V,= 2g (0.2m) = (2(281%)(02m))? = 1.98 2 
Thus, 
Qs AV, =Z (0.1m? (1.982) = 0.0156 n for any D 


3-721 


| 3.54 


3.54% <A 0.15-m-diameter pipe discharges into a 0.10-m-di- 
ameter pipe. Determine the velocity head in each pipe if they 
are carrying 0.12 m°/s of kerosene. 


3 
Q | 0/24 


-- $2 0/2 $ 26752 
i Alı Z (0.15m iai 

and 
Q 0./Z. a 

Vo = = sO 527% 
A F 2 S 
2 — 4 (0.0) 

7 hus, 


/2 — (4,7? BY" 


JI.Q.-—— €. « 2.957 
27 — 2(2814) | ——— 
and 

W^ (18,272)? | 


aie. od 11.1 
29 2(9%81%) = 
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55 


3.55 Carbon tetrachloride flows in a pipe of 
variable diameter with negligible viscous effects. 
At point A in the pipe the pressure and velocity 
are 20 psi and 30 ft/s, respectively. At location 
B the pressure and velocity are 23 psi and 14 
ft/s. Which point is at the higher elevation and 
by how much? 


2 2 
Op +h tz BiB +z with Y= 995 fi 
zig Ry = Ca 2 Du i (20-23) (48 $3) rat 
99.5 lb 2 (32.2 f.) 
ft? J 
or 


Zg Za = 6.59 H , $5 above A 


3 -5| 





3.56 Thecircular stream of water from a faucet is observed 


to taper from a diameter of 20 mm to 10 mm in a distance of 
50 cm. Determine the flowrate. 


fir ag, = es ag 
Ü 29 ; 2g a 
where p, =f,=0 , 2,20, E, =0.S0m 


and 


Thus, 


Q 


(2 « 25 -(&) r e-l] - fa tage 


) 2 


ar x 
Ag Ae) | l — (A, /A,)* 
or since 
2 
fa = e) we obtain 
2G2, T a| 2(9.8/~2)(0,50m 
| 1 7070) ! lai: à 
-4 m? 
= ESERE s 


(2) a= 0.0/0py 





[3.57 


Closed end 





3.57 Water is siphoned from the tank shown in Fig. P3.57. The 
water barometer indicates a reading of 30.2 ft. Determine the 
maximum value of ^ allowed without cavitation occurring. Note 
that the pressure of the vapor in the closed end of the barometer 
equals the vapor pressure. a de 


3-In, 
diameter 


5-in. diameter 


E FIGURE P3.57 


2 
/ V = LZ Va = ES 
fl ! 23 +Z, es tza T EZ, where g =0, Y% 70, m, "f va por- 
Thus, Z, =O, Z > RES fr 


0 = oap + rs * 6 ff 


but fr +30.2 f} Y =f, or Since Lr = Prapor , frapar 2 = -30:2 tf 
Mence, 

ie y 2. 
0 = =302 ff 4 ap tat or 5 = 242ff op V, =|2 (32.2 £028) 


Thos, 
Y= pase 


S pee ALE T V, A, JA SE. Tm a 4 = 3 Y tss £4) 
or 
V,=/%,2 i 


However, 





fg 1 i = y2Gz. 2H )h ft or fp = 3.13 # 





43,58 


$3.58 As shown in Fig. P3.58, water from a large reservoir flows 
without viscous effects through a siphon of diameter D and into a 
tank. It exits from a hole in the bottom of the tank as a stream of di- 
ameter d. The surface of the reservoir remains H above the bottom 
of the tank. For steady-state conditions, the water depth in the tank, 


h, is constant. Plot a graph of the depth ratio h/Ħ as a function of the 
diameter ratio d/D. 


(1) 


(3) 





BFIGURE P3.58 
From the Bernall; equation, 


Grete, Fih tZ, 


where = 70, 7, <H , and at the “free jet” end of the siphon, 
fA, -Y(h-29. 


Thus Eq (I) "e 

H = (heziton t = ge 
Vee = 29(H-h) 

Also 
fe, Ve En = 221 iz, , where py=Vp "fs -2320 and Eu 


h=% or 


(7 


Also for constant liquid levels in The tanks, Y, =Qs 


or 
AV z A3 V3 
so that 
EDV, = 47V, 
na Eas. 1), (23, and [3): 
ly 29 (H-h h)2d' J22h on H-h -(4)'h 


Thus, 
A = aa This result is plotted on the Next page. 


(con't) 
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& 3,59 


(con't) 


| AA 

0.8 - 

EAS 

0.6 - — 
a 

- VN" 





3.54 


3.549 A smooth plastic, 10-m-long garden hose with an in- 
side diameter of 20 mm is used to drain a wading pool as is 
shown in Fig. P3.59. If viscous effects are neglected, what is 
the flowrate from the pool? 





2 2 
f+ az, ZO 2 423 


(2) 0.23 m 
FIGURE P3.54 


where f,* f;-0,2,- 02m 
Z, = -0.23m and V, zo 


L-122(2,-2) = (2 (2.81 A )(o.2m-(-0.23m)) É 


d 2 24 
Thus, 
|^ 22.90$ 

or 


- 3 
Q = Aa V = (0.0209) (2.902) = FM x/o es 
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3,60 


3.60 Water exits a pipe as a free jet and flows to a height h above 
the exit plane as shown in Fig. P3.60. The flow is steady, incom- 
pressible, and frictionless. (a) Determine the height A. (b) Deter- 
mine the velocity and pressure at section (1). 





LR SES Wet te ia oa 
“a in. diameter 


BFIGURE P3.60 


(a) From the Bernovlli egn., 
E = Fr MS ez, , where puo poe 0, and V =0 


or à 
OMS o C OMETRE 
h= zp inan) 2257 





(b) Also, A, V, - Al, V, 


dS Z(£in) 
MA “Faint 


From the wow equation 
PLV tot La Z = E24 t +22, 


vain ( - 0g. 
f, = fr *zel U?) +Y (Za Z,) where f^.*0 


(iE ty = 34,0 f 


n. 
fà -i (1.94 GE 51 (6 £y -(36,0 1)" ] 462.448; (8) 


= -Joog (LEP) jp + 499 B, 


E lb 
= -S/9 — 
fp 
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3.6 





3.61 Water flows steadily from a large, closed tank as shown in 4 > —— — 
Fig. P3.61. The deflection in the mercury manometer is 1 in. and ime vu] 1 ft diameter 
viscous effects are negligible. (a) Determine the volume flowrate. 8 ft: | 
(b) Determine the air pressure in the space above the surface of the 


water in the tank. m 


3 in. diameter 


TERES ue T EN eT AIR TY, | 


Mercury 


m™ FIGURE P3.61 


(a) From 2 Bernoulli Men 
(1) fat n LA fe +¥ oa g ta J Where RIA and sA “23 
Asp, fa the Plane 
ft +o A E PEUT dy Im.) 


f, "f = Gyo) Clin.) = d, no! SSyp -1) Gin.) 


(e bas D (sa ) 245. 3g 
Thus, trom Eq (1), 


la » l _ &. 3 I/ Ti^ 


so that 
y Eg: wA) 8.2] f 
Hence, 


Q=AV, =- Z On (e212) 2645 2 ft 





(b) From the Bernoulli equation, 


e 
(2) t + t sz, 2 Me 25, where V, 0, ff, =9, and V, = 
Thus, A? 
j= BS nd 
zz) 
Hence, — 
LAT ^ y ff. * x Lo, +Y (2 ~ Zy) 
Hence. 
fu 710293 y (131 EY 462498, et) = 16150! = 112 psi 
" pci 
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3.62 


(1) 


3.62 Blood(SG = 1) flows with a velocity of 0.5 m/sin an artery. 
It then enters an aneurysm in the artery (i.e., an area of weakened 
and stretched artery walls that cause a ballooning of the vessel) 
whose cross-sectional area is 1.8 times that of the artery. Determine 
the pressure difference between the blood in the aneurysm and that 
in the artery. Assume the flow is steady and inviscid. 


Ee 25 


From the Bernoulli eqyation, 
fi ZOV HZ, - A *Z0kh +02, 


where Z,-Z, and M-Os£ 
7 hys, 


P-P =z pV- v) 
However 


0 = Cro SEs = Q, p (I) = 999-2 
and E 


VA, =A, or 


Ma = ae = (ru 
Thus, Eg t!) becomes 


2 
ff = Z0 E) (0.5 y - (oe) (0.527) | 
86.3520) fm = 26.35 = 96.3 Pa 


i1 
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A, =/,8h 


a ee 





3,68 


3.63 Water flows steadily through the variable area pipe shown in Density = 600 kg/m? 
Fig. P3.63 with negligible viscous effects. Determine the manome- 
ter reading, H, if the flowrate is 0.5 m/s and the density of the 
manometer fluid is 600 kg/m*. 





Area = 0.05 m* | ms 0.07 m? 
H FIGURE P3.63 


From the Bernoull, KE 
dH az = faih 2, where Z, *£; 
Thus, : 
0 ppf "zr 2) = ze V) 
But Q-AM, =A2 Ve co that 


3 
T Q 052 g i2 0,5 2 n) 
oq ucic MT ad Vo FF N 


Hence, from T (/): 
Q —$&-f-z09 Ey - (uy ] -24sx (L/w 
E 3M 
= 245X10 — 
For the manometer 


fd 4 oh M = =f- dy, (+H) 
so that 


D — f& fl "du Qe h-inn h = Gy nan H = 9 Ori Cran)” 
Hence, trom Egs (2)and (3): 
24,5x10 2 = 9.91 5 (999 kg - 60054.) H 


or 
b= 6.26m 
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3.64 


3.6% Water flows steadily with negligible viscous effects 
through the pipe shown in Fig. P3. 64 It is known that the 4- 
in. diameter section of thin-walled tubing will collapse if the 
pressure within it becomes less than 10 psi below atmospheric 
pressure. Determine the maximum value that h can have with- 
out causing collapse of the tubing. 


y^ 
A tz, +56 = Z2+27,+ 
Where 
p79, V =0, 2,70 and p= -10 £ 
T hus, with Z- 4 Tl 


TIN. a S 
62.4lb/fl3 ' 2(32.211/s) 

or | 24.7 

Also, R 

f. +2, +f = 12 ig, a 

where AM. 


^79, 4, =-h and V7 S m 
Thvs, 5 
a (18.5 f1/5) 
ft h + 2 (32.2 H/s>) 
or 


h= 1,31 fl 


35>! 





B FIGURE P3.64 


a (IAE) = -/440 fh 


JE Zin typ 7 #) 
- jg, 5 f 


| 3.65 | 


Thvs, 


3 I 
(1) A-L=-=+eM -W) where ps fe. wees it 


Also, ; 
m = AV = 0.309 
SO se’ i 


y= PA; “(0.329 5) E (0.3m? 
and. 


AM = AM. or 
V, 


y= (3) | 


= (pam) (12.95) = 


Thus, from £9 €: 


3.65 Helium flows through a ().30-m-diameter horizontal pipe 
with a temperature of 20 °C and a pressure of 200 kPa (abs) at a 
rate of 0.30 kg/s. If the pipe reduces to 0.25-m-diameter deter- 
mine the pressure difference between these two sections. As- 
sume incompressible, inviscid flow. 


e (I) , (2) K Q 
D,=0.3m D, = 0.25m 
p= 200 kPa abs 
7, = 20 "C 


F1 oy, dm roa) 


or 1 
0 = 0.327 79, 


M 
= 2t 


f - fe. = $ (0.320 485) (18.67-12.93) =29.5 Pa 
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3.66 | HN 


3.66 Water is pumped from a lake through an 8-in. pipe at a 
rate of 10 ft/s. If viscous effects are negligible, what is the pres- 
sure in the suction pipe (the pipe between the lake and the pump) 
at an elevation 6 ft above the lake? 





y ^? dE. 
where n, U=0, 2,<0, 2, 26.0 f/f 
and 
XM. « X8 9 Uo) fi 
A A * 7 2 LETS 28.6% 
2 ft) 
Thus, 


f£ = — Zo -t el, - 62.4 É, (6.0 tf) - $ (1,9% SA) (29,6 #)* 
-/168 f = =- 8.// psi 


n 
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3.67 Air flows through a Venturi channel of rectangular cross 
section as shown in Video V3.10 and Fig. P3.67. The constant Q 
width of the channel is 0.06 m and the height at the exitis0.04 m. « i — > (4) 
Compressibility and viscous effects are negligible. (a) Deter- 

f 







b = width = 0.06 m , 
Free jet 


mine the flowrate when water is drawn up 0.10 m in a small tube 
attached to the static pressure tap at the throat where the chan- 9.94 m3^ 0.10 m 
nel height is 0.02 m. (b) Determine the channel height, ha, at 
section (2) where, for the same flowrate as in part (a), the water 
is drawn up 0.05 m. (c) Determine the pressure needed at sec- 
tion (1) to produce this flow. 


0.05 m = bh 0.04 m 


Water 
B FIGURE P3.67 


(a) For steady, inviscid, incompressible fw: (¥ = 12.0 4) 
2, , Vs Vy" 
(1) Turc f uS where y= , Pa = - by of = 9,40x10-M, (0,1m) 
Also, " = -980 M, 
AM, = Ag Vy so that V, STET M _ oy ” 
Thus, Ean. ( I) becomes 


- 980m | WS W 
12.0 La "30.212 2 (9.9; ) 201815 20991) 


2 


or W= 23.1% 


Hence , 3 
Q= Ay Vy = (0.0%mx0.06m)(23.1%)= 0.0554 2 


, Va ike 3 
(2) (b) ae 4 5 - iy +25 where py -0 f, =-b, la 9.80x/0-, (0.05m) 


= - 490 & 
From part (a), V7 23.15 = 


T hus, Ean. (2) becomes 


-490 4s wo o2 EY 


SP aa ut i 5 m 
12.0%, 2(2.8] 2) 8| 2) 2 (4.81 £1) A FY 
Bui Aa = Vy A; so that 


(36.54) (0.06m)h, =(23.12) (0.06m)(0.0%m) or h, 7 0.0253 m 


o (© Als, Rrk- DE «ME where uo and AM = Ay Ve 
But since A, =(0.0%mr0.06m) = A, then V,- Ve and Egn. (3) gives 
= fz =O 
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3.68 | 
3.68 Water flows steadily from the large open tank shown in 


Fig. P3. 68. If viscous effects are negligible, determine (a) the 
tlowrate, Q, and (b) the manometer reading, h. 





(3) 
Mercury 
0.10 m seem 


BFIGURE P3:68 
(a) From the Bernoulli equation, 
P tze y +Z = P2 ip K tia, where f= fr2=9, yO) zZ, = fm and Z2=0 
Thus, 
SZ, -zpeW, or eg 2, ie so that V, = |232, 


or PIENE 
V, =Y2(9.81m/s?)(¥m) - 8,86 m/s 
Hence, 


Q =A, V, = Z (o.10m) (8.86m/s) = 0.0696 m/s 


" 


(b From the Bernoulli equation, 
f ' Ze +02, - fA ZOV +023 | where Z2= Z3 and £z = 0 
so that 
py = ipM wl 


2. 2. 
Also, A V. =A: Vs sothat V -2 Vo -(#) Ya (25) 8. 8b m/s = 13, 8" m/s 
Hence, ] 
fs = z (444 ky /m?) |(8.86m/s) - (13:4m/s) | = = 56.500 N/m? (1) 


Also, from the manometer, 

fs -0h #Y, , ( 2m+(0.08/2)m) 

- (133x10 Nim?) h 4(.eox I0 V/m? ) (2.0%) 

- 133x10 h + 199x10” Mm? where hym (2) 
Thys, from Eqs. (I) and (2): 


- 5,685X10Ý* M/m? = -/32Y/9 h +/,99 x10” Mm 
0f 
h-2 0.574 m 


H 


n 





3.64 Water from a faucet fills a 16-oz glass 
(volume = 28.9 in.") in 20 s. If the diameter of 
the jet leaving the faucet is 0.60 in., what is the 
diameter of the jet when it strikes the water sur- 
face in the glass which is positioned 14 in. below 
the faucet? | Q 


Uu) 

D, - 0.60%. 
y 224 

Wilh p, -f.-0 , Z, = 14i. , 2-0 

Thos, 


V2, Q 
V2 = 22( Zt 55) where =A "A (1) 


or 
a f143 
V = (28,9 in?) ( as 


FEY (203) 


Hence, 
-y gta 104268) H 
V, = 2(s2.28t (Hn PEE) = 5.67 4 





be ft 
= 0.¥26 73 


But, 
AV 74, so thal DVD V. 
Or 4 H j 
E * 
D, -(S.) D, = (CEER) (otim) = 0.132 in 
S$ 


3.70 Air flows steadily through a converging-diverging 
re ‘ctangular channel of constant width as shown in Fig. P3.70 
and Video V340. The height of the channel at the exit and the 
exit velocity are Ho and Vo respectively. The channel is to be 
shaped so that the distance, d, that water is drawn up into tubes 
attached to static pressure taps along the channel wall is lin- 
ear with distance along the channel. That is, d = (d,,,/L) x, 
where L is the channel length and d,,,, is the maximum water 
depth (at the minimum channel height; x = L). Determine the 
height, A(x), as a function of x and the other important para- 
meters. 





w FIGURE P3.70 
pzy d0V = giz rou where Q = air density 


where d 
Z-z,, fo=9, P=- nod =~ Yo m X 


Thus, 
- Uno mes x T zeV 


B yt 
AV=A;, h, or V= fey, 2 fey, so that 


2 


n 


z eV 


2 
-Gpo gux (de) 3e 
or 
y Wut PERS 
Hh d T 2 lioe dau: X Typical shapes are shown below. 
eve JZ 





H/H, vs x/L 





























BAI 


3.7! The device shown in Fig. P3.7/ is used 
to spray an appropriate mixture of water and in- 
secticide. The flowrate from tank A is to be 
Q, = 0.02 gal/min when the water flowrate 
through the hose is Q = 1 gal/min. Determine 
the pressure needed at point (1) and the diam- 
eter, D, of the device. For the diameter deter- 
mined above, plot the ratio of insecticide flowrate 
to water flowrate as a function of water flowrate, 
Q, for 0.1 s Q x 1 gal/min. Can this device 


be used to provide a reasonably constant ratio of FIGURE P3.7/ 
insecticide to water regardless of the water flow- tv 


rate? Explain. " 


" (0) 
fe + £ tZ = £e + A + Z2 n where f^, Vy =0 " | 
z,-0, wá xi: and y=% with y J 
(231 fÈ . s fP 
Q= 0.02 z 1728 1 G) =4£46x/0" $ 
Thus, 3 
y 446x E iara d 
2^7 g (2.018 n) = aS 
4 I2 
Hence, 


fa= -FEV -tZ =- lI 30b (36.3 BY- (62.445 )(o- 58) = - 13/0 $, 


Now assume ffi* 62 and neglect the kinetic energy ol 1 he insecticide 


compared to that of the water al Cl). That is, 


0.10 in. diameter 





2 
Be Waa, = eau to, where ZZ VA , and e, 0 


T key gy PF 
231 Imi , 
125 1728 gal JC AE =2.23x/0 ft we have 
-3 f 
2.23 x|0 
7 i = 408 f so that Eq. (D gives 
~ 13/0 V2 _ (vo.88y op Verari 
' ái. - 


61.942  2(32. 28) 232.2) 7 
Thus, "Zp *M-0 or 


L " 44 
[497% | 423x007 £) Jn 
D EIE Hisp T Z/9x10 f} = 0.0863 un. 


With this diameter determine E with O0./<Q<! got 


(con't) 
3-58 


(con't) 


From Eg. (1): 
pi +V ipw or with y- 5 and y=- & 

Aa Coe! Oy sl 2. ! a e EUN 
p, = £9 | 42 A] = 4 (1.94 =F) Q ken ei 
or 


f= -2.62x1F Q^ D where Q~ Æ 


(2) 
Also, from Eq.0) with 9,75, 
+ A 2 
“a Gtt , or figu YA 
where 
a= B=, = 8.15x10°Q, Ë wih e 
Th E(' 12 R) 
US, 
p, =~ Z (1.94 S42) (8,15 xio* Q, gy — (62.42,)(0.5f4) 
or 
P = — 6.44 x [o E 342 P: : where Q,- E (3) 
Combine £qs. (2) and (3) to give 
2.62xi09 Q? = & pp x[0 Qh +31.2 
or 2 A ? 
(24) = no7x0*- ey where QS 
Thus 


4 m 
r3 - 0.0202 1 p= L , where Q~ ft (4) 


Plot Eo, (4) from Q = 0.1 gal =. 23x10 Ht Jo Q-, 20! =2.23x10 ft 
Nole: os - 0 when Q= (1.19x10°7 2 23,75 x10 * EP 
With 55 2.3.9 5x! ote Eq. (#) gives the square root of a negative 
nomber — not physically possible. With Q=3.4sx/ 0 * £g, (2) gives 
ff, 3.2 $ the minimem needed to draw the insecticide up the 
0.5 foot elevation fo point (2) 





i PERETE eee nasosun 
NN o Here eee eee ERE EREE EE 
O.O BH H TET "HTHRRILD TERHET ETEEN 
HEEE E HEHHEE fiis 
SE LITTIIITI] 
l 
O. | in 


3.72 


3.72 If viscous effects are neglected and the tank 1s large, de- 
termine the flowrate from the tank shown in Fig. P3.72 








R A FIGURE P3.72 
Puidet - Bien, where A^-T725*4h = qd 


Z,-0.7m , 2,70,and V, =0 


2. 
Ah, _ or 5- 25 (seh EZ) where K =0.8] 


and. 

2 
Q = A z 74 V. 
Thus, 


2. | 
Q = 7 (0.050m) 2 (4812) 0-81 (2. m) + 0.7m) = 0.0132, & 


3,73 E 


3.73 Water flows steadily downward in the pipe shown in Fig. 
3.73 with negligible losses. Determine the flowrate. 


` 
- - balas dis b di iL ada -— - 
Er Wate et LT 


MAFIGURE P3.73 





From the voa equation, ue. 
(l) f! + 2, t =f +z d where Z,- 22°29) 

and 7 

AV, *AMV., or Z(.2m)V = Flm? V 
(2) Y 0.5927; 

Also, from the manometers 

fo * Yh, and f= Gh, toh, , where Gi = 07Y 


7 
props 4 (0.7h, +h, ) - 


(3) AP», -03h -2m-U,3(l.5m)z/^SSm 
Now, from Eq. (1), 
| F 2 V^ Ww 
Z-2;-f E L 
which ' when combined with Egs.) and (3) gives: 
2. 
2m -ls5m*t — - (0.694) ) 


2(9.8| m/s 
Or 
4424/32 
Hence, 


= A, Ve = Z m) (4.13 £) = = 3.24" 


3.77 






0.5 in. Hg vacuum 

0.6-in. 
3.7% Air at 80 °F and 14.7 psia flows into the tank shown diameter 
in Fig. P3.74 Determine the flowrate in ft?/s, Ib/s, and slugs/s. (1) Q 


Assume incompressible flow. 
ius is 
Se — 


FIGURE P3.74 


2 VL? 
Ai tag tmc tum where 2-22 , f=0, Y= 


HR 
(74. 7 1) (144 tne e -3 sly 


| (m AU om) €— 
Hence, with £= by, A - -(842 i me) (SF ft) = -35.3 l 


4 
du. Panels a op fl 
A=} * 2. axo EE dida 3 


Thos, : 
Q = Az V2 si 1 94 HY (17« £) = o. 344 ft 


m = eQ = (2.28x/0 9? $22) (o. 344.) = 7.89x/0 * $195 
and 

= (32.2 É )( 8&6 * SHa — 0,0254 Jb 
gm = nc S 


-2g ba = 
where e- Í- 
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3.75 Water flows from a large tank as shown in Fig. P3.7.5. At- 
mospheric pressure is 14.5 psia and the vapor pressure is 1.60 
psia. If viscous effects are neglected, at what height, ^, will cav- 
itation begin? To avoid cavitation, should the value of D, be in- 
creased or decreased? To avoid cavitation, should the value of 
D, be increased or decreased? Explain. 





FIGURE P3.75 


2 ^ 
oe + S Z = $6 + Z, where Jo =/4.5 psia {y= 1.60 posia, 
" Z, =h , 2, =0, and %=0 
VS, " 
However, D, v 
AV, -/V or y =) v 
where 


Po. Ve iz = f2 m T with f^ = f and Z, =0 


(2) 
Combine Eqs. (1) and (2) to obtain 


h = CO H-2 Ôh 


hs f^ - pi O (H5 - 1,60) 2, (14448) 
Da Y = lb PIC 
Je -1 | 62.4 F| (222) - 1| 


From Eg.(3) il ís seen that h increases in increasing D, 
and decreasing Da, Thus, to avoid cavitation (c.e. 1o have 
h small enough) D, shovld be increased and D, decreased. 





= f; 98 1i (3) 
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| 3.76 


3.76 Water flows into the sink shown in Fig. P3.76 and Video 
VS.1 at arate of 2 gal/min. If the drain is closed, the water will 
eventually flow through the overflow drain holes rather than over 
the edge of the sink. How many 0.4-in.-diameter drain holes are 
needed to ensure that the water does not overflow the sink? Neglect 
viscous effects. 


es. 


Z= Ve or V2 222 = |2 2(21.12) (1422 p) 


Also, 
Q = nAz% = n G dz V, 


d 


| ue 


z V 
t+ ss tZ, = Ft z2 tZ, Muy qur 











0.4-in. diameter 
holes 


FIGURE 3.76 
, V, =0, and 22.=9, 2 =0 


ft 
= 2,97 S 


where n= number of holes required 


d,=0.4in. and C= centraclion coef. 





“= 0.6! (see Fig. 3.14) 


Thus, xen 
4 (! min 5 / 231 in? HE. N -3 fE 
Q d 2 25 "dos. -Lmin (2305 Taal i 1729 in? —2m) = 9,94XID € j 
pnt iii... 4 (4.46 x10 ft/s) a 
TC. da V, 70.6 (SEPH (2.54 ft/s) .30 
Thos, # holes are needed. 


3.77 


3.77 What pressure, p,, is needed to produce a flowrate of 
0.09 ft?/s from the tank shown in Fig. P3.77? 


FIGURE P3.77 3.6 ft 





0.06-ft diameter 


(3) 
2 ^ 
CN E T ater Apis ad 
Zo = 3.6 tt, Z3=90 
Thos, and V,=0 
P toh Vo? 
To te 
where Q=/A;4=4 D. V, 
or 





y= 42 «toos f «na tl 
3 7 D^ 7 (0.06 f1)* 


Thus, : 
= Va i lb \ (31. 8 t£) - 
f = vag 22) - Ah = (ll (62. idi. ye sir. 268 
^. = 42. s de, (2.011) 
P, = 746 i, ~ 5,18 psi 


3.78 


3.78 Water is siphoned from the tank shown in Fig. P3. 78.De- 
termine the flowrate from the tank and the pressures at points 
(1), (2), and (3) if viscous effects are negligible. 





BFIGURE P3.78 


From the Dernoylli equation, 


pze + UZ, = Pyt 20 + ËZ, where fro= f= O, Vo =O, z, = 5f] 


Thus and Zy =O | 
65, "ze, v V. -J2f z, /e -]22X = 222.2, )(5f) = 129«£ | 
Hence, 


z NS 2 "T 3 
Q = Ay Vy zx LII 0299) = 0. n1 TE 


For f! f, PV «0 Z, = Py +4 oV? H2, which with 20, Zo" 0 z -8H 
and V,= Ve (since f, =A) becomes l 
p =-XZ, = -(62.4|0/#9) (8H) = - 499%, 


For p: fat dels iz Pa * Z QM të Zy, which with fy=0, 2y70 ZES 
and V 7 V, (since A;=Ay) becomes 
p, =- V7, = - (62.414) (5 ft) = -312 1b/f* 


For f: Since Z,* £s and Va Vs if follows that 
pafa = -312 Ib/f i 
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3.7? art 


(3) 
3.79 Water is siphoned from a large tank and discharges into (1) 
the atmosphere through a 2-in.-diameter tube as shown in Fig. v.c - — 4 
P3.79. The end of the tube is 3 ft below the tank bottom, and vis- pee a 
cous effects are negligible. (a) Determine the volume flowrate POE Sere dG sige EY I 
from the tank. (b) Determine the maximum height, H, over on [5 5 EA NUS sf 2-in. diameter 
which the water can be siphoned without cavitation occurring. ade SANE 
Atmospheric pressure is 14.7 psia, and the water vapor pressure A curs 
is 0.26 psia. o epum D ea: 
3 ft 
BFIGURE P3.79 iq 
; j $1 (2 
(a) From the Bernov|l; equa tion, - 
= “Aes + Zz , where fe “h7 20 and V,= 0, 
Tan, 
H " H 
“ee Zi) = (2)(32.245) (9 +3) = 27.8% 5 
fen 


Q- AV, = T(&n fosse oor 


(b) From the Bernoulli gjinin, 


Gii +Z; = fs Ve 3 TEs Where VaV since QA. V. =AsV 


| and As. =A; 
This, el Z,-z,-H*tfüt3H =H +I 


P; TY (Z,- Z2) = Poa 


where fp, = /4.7psla and f, = = 0,25 0514 
Hence, 


ey 
(62.428) (yj 1240) = (14.7 -0.28) 48 ae 


or 
He 21.2 fł 





| ay 80 


0.37 m 






3,89 Determine the manometer reading, ^, for the flow shown =f 
in Fig. P3.80 1 


| ER" nS, Free 
diameter (1) jet 


oe 


0.05 m diameter 
FIGURE P3.80 


2 2. 
] AA - S ez Where Z,* Z2 , |, =9, and 
V2 = 0 


Thus, 


fı = f2 
However, f= %h and ø2= 0 (0.37m) 


so tha 
h = 0.37 m 
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(1) 


(2) 


(3) 





3.81 Air flows steadily through the variable area pipe shown in 


Fig. P3.81. Determine the flowrate if viscous and compressibility 
effects are negligible. 





From the Bernoulli equation 


FIGURE P3.81 





Wu 
e tT +Z, = fe h +22 where Es FP and V. zÜ 
an 
Q 7 A,V, 
Also, from the manometer 
f, +4. h , d, "fh t4 (h +h) 
Bvt by. >> Yair so that Eq. (3) becomes 


fa = = fi 1 P» h, or Fe = =f + Uys p 
ir Cap 
Hence, ‘ia : HE Tin” 


/ ae) 
Lu 297 W Vi 
or 
Ty | 9. 00x10 = «po 
V = [29( e zh = 2(9.6/ s* err Je Im) = 4203 


Thus, from Eq, (2) 


2. 3 
Q-Z(o2zm (40.04%) 2,24 
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3.82 


3.82 JP-4 fuel (SG = 0.77) flows through the Venturi meter 
shown in Fig. P3.82 with a velocity of 15 ft/s in the 6-in. pipe. If 
viscous effects are negligible, determine the elevation, A, of the 
fuel in the open tube connected to the throat of the Venturi meter. 





V = 15 tis 


BFIGURE P382 


Dl Lez, -24¥ 
Also, A = A, V2 


ET] az. where Z,-0 ,za2-7;zÍít, (i) 
and M, = 15 ft 


oe a A xm 
y=, - (27 V, =(42 “Us #) =33.75 2 


Thus, with G =6 ff Egl) becomes 
(33.75 #t)? zx] (/5 4 £L) 3 n 


y 2(32.2)) — 2 (32.2 $) * 72 
or 

P. = —7,$3 f} 
But £L=-h So that h= 7.53 fl 





3.88 | CT 


3.83 Repeat Problem 3.82 if the flowing fluid is water rather than 
JP-4 fuel. 


Note from the solution to Problem 3.82 that the 
value of 0 is not needed. Thus, h = 753 ft for 
either water or JP-4 fuel. BENT - 
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FIGURE P3.84 
3.84 Oil flows through the system shown in 
Fig. P3.8* with negligible losses. Determine the 
flowrate. 
=h 
SG = 2.5 





2 l 2 
Pue, v +Z BEA Where Z, = O PE Chu 5f. and 


fag os ONE. 
2g e" 2.9 V -o 

Also, Vo = —Z- 

Thus, 


Lite sz e where pr hh o 
or 
C Ke = £,-ht Se h 
wi'th LÀ 5 fl - 


Thus, the manometer equation gives 
Ey - €f (m -1)) (2 
Combine Eqs. (I and (2), using 22= Sit to obtain 


M p dy 











on 
y = 2:8 -|)(o.8 5) = 9.9 € 
Thos, 


Q= Aa V =(20in?x 7157) (9.9 #) = 139 E 


Er 


3.85 Water, considered an inviscid, incompressible fluid, 


flows steadily as shown in Fig. P3.85 Determine h. 
Q=4 fts (E 






0.5 ft diameter i li 1 ft d?4rmeter 


m FIGURE P3.85 
p, * Y£ *zoW* = p, t Tz, d pl? 
where Z,=9, Z,-3fl, V; *0 and y=$ EE 5.09 f 
i : / FCF " 
Thus, 


p,* dd TRE) E - = py + 62.42, (3H) 


or 
ff ~ fa = / 62 l (1) 
But from the un" 


fi -Y (List) + ëlh+k) =f, 


L ~ 62, ae, (311) 462,4% iy h = fr 
ence, 
f = fa +187- 62.4h which when combined with £g, (] gives 


Pat 197 -62. 4] -fa 7/62 
or 


h = 0.400 H 


3-82 


2n. 


3.86 Determine the flowrate through the submerged orifice 
shown in Fig. P3.86 if the contraction coefficient is C, = 0.63. 





FIGURE P3.86 


2 
£L. Ar 22 42 -f2,\M 1, where p =9, 20, z,-*fl 


visti. O and f2 
Z= E. oi 
7hws, : p numm 
"A 

Aff = Qf + cape 
vs 2 (32.2 1t) 

Lu =/1.34 É 
so that 


Q =A - GAs Ve (oe) : Gr fl) (Il. 1) = 0.35) & 
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3.87 An inexpensive timer is tobe made from 
a funnel as indicated in Fig. P3.87 ‘Fhe funnel is 
filled to the top with water and the plug is re- 
moved at time ¢ = 0 to allow the water to run 
out. Marks are to be placed on the wall of the 
funnel indicating the time in 15-s intervals, from 
0 to 3 min (at which time the funnel becomes 
empty). If the funnel outlet has a diameter of d 
= 0.1 in., draw to scale the funnel with the timing 
marks for funnels with angles of 0 = 30, 45, and 
60°. Repeat the problem if the diameter is 
changed to : 05 tn. 





Plug 
FIGURE P3.87 


f ud dE m EET +Z 


ln 75,0,4£&-70,2Z- 
zZ,=0, and V =- dh << V, 






Thus, aan Z ae EN 
y= — which when combined with AY =A, V, gives 
-4, 2 -/A22h or -zR'4 e - 2 d*2gh (1) 


where R= = h tan@ 
Tara, Eg. (1) becomes -h Ja 9 d? ^ = L 1227 


"dh = " xg di which cah be integrated trom h=ho 


4 tan* 0 o oe 
3/2, d? l2g A p^ u d deg 
f dh ES - E. á or $|h h, | T AEE 
O 
Thus, " (2) 
la 2 
h = h = -s d* Vag t Since h *O when Í- 3mm 
0 8 lan^0 
[262287 ié follows that, =/808 
h^ = uu pr n which when combined 
: ó “8 2/5 with ye ° gives 
5 d? y2 (32.232) (1805) 2$; 2) ) (1805) fiz 
~ 8g taw $) 


Or 


Ls 2,5 
t 
h-/5.2 (Es) (1-750) where h~ ft , d~ft and f«s 


For 1-*0,15 30 ...,/80s calculate h from £g. (9 with 

0 = 30,45 and 60° and d=0./ and G.os5 p. The calculated dala 
for d 20.05 in. and 8=30de9. are shown in the tabje below. 
Other dala are graphed . (con't) 
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30.00 deg 


KLLLIFITIELLLITTAÓ -NWLLLLLLLLLENDILTLÉLLLLLELLTTTTTITTTTTT A 
LIN TITTTTTTTTITTÀ TIS SRS CUE OAR WEE CRT ACR ee 
PHBE SERRE KA ERER RR SSRSSS UAR ER e SEHR 





HNL CBSE Cee et 
Pt EHRHERH-H2H-A- hg INTRO 
ele SRR eee eee Sree hes 
Ho SS er SEES Ree eH 
HHHH x HERH HHA EELL TT HAHAH ENNET E TaS N IL RS NCTTTTTTTT T HA 
tet tt tt tt SERRE See A a 24 LES OSES AECL et 
3-- LL oe ee Oe SS OOS rs RoR 
E. Cope HERES HSER TIT HA 
E BESS Saks CERES CR eee HS CONES ooo as 
w HH TAXAR a +t a H3 SSSR ee 
L ii aH SATO TIL SSC 
IR oo He fae es SERRE 
TY TORN x SeN- - —----À--H--LCCEHHPHHHISUHHISSCEELHEELETNCETETET RTT T T TH HIHÀ 
— LLL SL uM IN SS RKTT TT HHH a a a a r E OAS See 
LLILITTIS » MO NL TIROL EES CRC 
+ HS NS a SESS CCS CN 
L SNOIN LLL. SECs CSC eR 
Lip ek ee HAS -4-424---4-H--LLCEHCHHEHEHEEHHHMYIUEELT NA T EET See 
m. SSN TSN TTT EE SSeS 
BRE PARE RR Scere T MITT) 
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3.97 


(con't) 


h. ft 
$2.94 5-01 
*2.8650158-042 
*24794E8.-01 
+ Z.. 6216-0 I 
+2.501E-01 
+2. 3716-01 
12. 229EPE-31 
+2 072E -01 
+1..895E- 01 
+1.689E-01 
+1. 4368-01 
+7 .O89VE-01) 


9.0500 in and theta 
+0.000E+00 
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3.88 A long water trough of triangular cross 
section is formed from two planks as is shown in 
Fig. P3.88 A gap of 0.1 in. remains at the junc- 





tion of the two planks. If the water depth initially 





was 2 ft, how long a time does it take for the "S 
water depth to reduce to 1 ft.? = ipn 
ME 
FIGURE P3.88 
2 2 h MET r ". 
fiy Maz = Bi eae (1) TH) 






č 29g “4 d 2g 
where 79 =0, 7,70, 2,=h, and 22-0 
Also VA, - V A or SINCE L >> if y —! 
follows that - - di = 
ollows tha V <<Va , where Aa oe 
Thus, Egli) gives 
V, = 29h so that 


b , FE = A 295 with A= bL=2bh and A,= bw 
where b is the tank length. 


TMS, 
-24) dh = by J2gh 
or 
jh dh = - wie di which can be integrated to give 
hel t 
f 
(rea = -a fE f 
i dia tzo 


or l : 
EN: 2 27 Wo] —— 2 002 ||.» "^*[.3 
57 sate hh ‘= svete | vi | 


= 36.58 








*3.99 A spherical tank of diameter D has a 
drain hole of diameter d at its bottom. A vent at 
the top of the tank maintains atmospheric pres- 
sure within the tank. The flow is quasisteady and 
inviscid and the tank is full of water initially. De- 
termine the water depth as a function of time, 
h = h(t), and plot graphs of A(t) for tank diam- 
eters of 1, 5, 10, and 20 ft if d = 1 in. 





Leda =a Bee Zo M 
hers p US J p= O, Z) =A, Z, =0 ona f 2-22 eV 2 ji frd 
Thws, 
V, -/2 gh which when combined with AV, = Aa h2 gives 
-A, Bb =A, 24h or -m r*9^ . £4? hgh (1) 


r 


where p^. p24(h-R)? 

with R= + =radivs of tank h-R ao 
2 

This, ie R*-(h-RY so thal Eg (I) becomes 


-[R- (h-R) 2J ah 4" zgh 


3 2R Z d d mi dt which can be integrated trom 
0 i T the initial time and depth (66 
h=2R) lean arbitrary time and 


h t depth (th) as 
(0-2 - LPE fai 
2R E 


C 2(h% -GRf^) -Erl arj) - EPt a 


Use d= rx ft and g= 32.2 Ë and pht A=-hY) for 
valves of R =Os AS, S, and /0 f£ 
Mote: J£ is easier lo solve Eq. (2) as t =£(h) rather 
than h=h(ć) 
Note: The time taken to empty the tank, t,, is obtained fram 


F (2) with A =0 as 
sr ee 


“V9 (con't) 
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(con't) 


Results of an EXCEL Program to calculate h(t) from Eqn. (2): 


o s D - 5 ft D = 10 ft 

Ls h, ft ts h, ft ts h, ft 
0.00 1.000 0 5.000 0 10.00 
0.09 0.950 5 4.750 28 9.50 
0.35 0.900 19 4.500 110 9.00 
0.77 0.850 43 4.250 242 8.50 
1.34 0.800 75 4.000 422 8.00 
2.05 0.750 114 3.750 647 7.50 
2.89 0.700 161 3.500 913 7.00 
3.84 0.650 215 3.250 1216 6.50 
4.91 0.600 274 3.000 1552 6.00 
6.06 0.550 339 2.750 1917 5.50 
7.30 0.500 408 2.500 2308 5.00 
8.60 0.450 481 2.250 2718 4.50 
9.94 0.400 556 2.000 3143 4.00 
11.31 0.350 632 1.750 3577 3.50 
12.69 0.300 710 1.500 4014 3.00 
14.06 0.250 786 1.250 4445 2.50 
15.37 0.200 859 1.000 4862 2.00 
16.61 0.150 929 0.750 5253 1.50 
17.72 0.100 990 0.500 5603 1.00 
18.62 0.050 1041 0.250 5889 0.50 
19.14 0.000 1070 0.000 6053 0.00 


See next page for graphs of above results. 
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Water Depth vs Time Water Depth vs Time 

D=1ft D=5ft 
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3.90 When the drain plug is pulled, water flows from a hole in the 
bottom of a large, open cylindrical tank. Show that if viscous ef- 
fects are negligible and if the flow is assumed to be quasisteady, 
then it takes 3.41 times longer to empty the entire tank than it does 
to empty the first half of the tank. Explain why this is so. 


Q-AV - Zd^v -A (-Àh 


Tank 
where 
ite E l2gh and Bank * " z D 
T hus, 
egi regn 
or 


h 2. 
ar = - fag (4) di 
Integrate from h=H at 1-0 fo halt: 


f 
G 
or h 2 
27 - tig (8) 4 
145 mn] 


Thus fo empty The tank, 
T "fe; Q2 qu VH 


oe to "C — the tank 


Thus, 
E ies = (2) nr 





Alin ies (2) WL! 4] 





Aunt fag (ah LI - F) “i Q TIR] 


*3.0| The surface area, A, of the pond shown 
in Fig. P3. 9| varies with the water depth, A, as 
shown in the table. At time t = 0a valve is opened 
and the pond is allowed to drain through a pipe 
of diameter D. If viscous effects are negligible 
and quasisteady conditions are assumed, plot the 
water depth as a function of time from when the 
valve is opened (t — 0) until the pond is drained 
for pipe diameters of D — 0.5, 1.0, 1.5, 2.0, 2.5, FIGURE P3.9/ 
and 3.0 ft. Assume h = 18 ft att = 0. 





SERIES oS RS ETON YET SEALS a pO Sas OS Sa OMT og hei clR 0 


h (ft) A [acres (1 acre = 43,560 ft? )} 
0 0 
2 0.3 
4 0.5 
6 0.8 
8 0.9 

10 1.1 
12 1.5 
14 1.8 
16 2.4 
18 2.8 





A Wz, - +3 +Z2 where f =0, fh=0, Z=h,2,=-3# 
and V=- a «V, 
Thus, V; -122(h*3) which when combined with AM =A: V, 


Ves 


-A, 4 = Zi y22( +3) where A, =A, (h) as given. 


This can be rearranged and integrated to give 


4E x: - E 
(At =- 2g dt =-£5' 24 t --Zb 2x32.2 1 
4 








18 fi ig 
or d : 
t= 2188. Amis , where ios, A~H and h~t (l) 


h 
Note: It is easier to determine tasa fonction of h rather 


than h as a function of t 


Note: t~ DŽ 
(con't) 


3- dl 


(con't) 


An EXCEL Program using a trapezoidal integration approzimation was used to calculate the results 
shown below. 























D=05ff D=10ff D=1.5f D=20ff D=25ff D=3.0ft 
h, ft A, acres A, ft ts ts ts ts ts ts 
18 2.8 121968 0 0 0 0 0 0 
16 2.4 104544 32181 8045 3576 2011 1287 894 
14 1.8 78408 59530 14882 6614 3721 2381 1654 
12 15 65340 82354 20589 9150 5147 3294 2288 
10 1.1 47916 101536 25384 11282 6346 4061 2820 
8 0.9 39204 117506 29377 13056 1344 4700 3264 
6 0.8 34848 132412 33103 14712 8276 5296 3678 
4 0.5 21780 145035 36259 16115 9065 5801 4029 
2 0.3 13068 153988 38497 17110 9624 6160 42717 
0 0 0 157704 39426 17523 9857 6308 4381 
The graph for D = 1 ftis shown below. The shape ofthe curve is the same for any D. 
Water Depth vs Time 
for D = 1 ft 
xj cud RENE nV | 
18 4 
» EC ae 
14 E | 
12 
s.l] | Es 
s. 10 
8 : 
6 | 
i idi. 
4 EBEN 
0 
0 10000 20,000 30000 40000 
ts 
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3.92 Water flows through a horizontal branching pipe as shown in Va 
Fig. P3.92. Determine the pressure at section (3). A, = 0.07 m? 


| | (2) P2= 350 kPa 
5 A, = 0,02 m? 
ft (1) 
V,=4 m/s 
Py = 400 kPa 
A, =0.1 m? 


FIGURE P3.92 


Q,7 Q + Q3 or Vs = E m where Q7 =A, V,7 0m (4 S) 


= 0,4 m 
2 ^ 5 
Also Q= Az V2 where fia do tz = 23 62, 
Th with Z, = Z2 
US, 
yookPa , (42) _ 350kPa s 
«80 kW ' 20.81%) 2804% 208%) 
or 
V, = 0.785 
Thus, 
V Ong -0.02m (10.788) . 2, "E 
7 vr. 
de. from fi, i 25 nom I ET +Z, with 2,=23 
we obtain 


kN 
9.80 "m3 


ffs = ff ert Wo V) = 400 kPa + 2(48 Aj (4 76 
or 


P =(400 +454) kb = YO#S kPa 
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3.93 


3.93 Water flows through the horizontal branching pipe shown 
in Fig. P3.93 at a rate of 10 ft’/s. If viscous effects are negligi 


ble, determine the water speed at section (2), the pressure at sec- 
tion (3), and the flowrate at section (4). 


From (I) to (2): Æ +W ag, 


| ow 


Thos, with v= 0g 


(10 5 jni Lyme) (o£. 
(1.94 SFE) 


sh iie) Va 
z 1.9% se) 2 


A2= 0.07 tt? 
p? = 5.0 psi 


/ 


(2) 








A3 = 0.2 ft? 
V3 = 20 ft/s 
A, = 1 ft? 

Q; = TOTIS 
Di = 10 psi 


(4) 


m FIGURE P3.93 


+t, where Z= =Z (f "ops, 
ff = 5 pst, and y= 2 or 
V «(10 £t) = 10 ft 


or | 22208 


From (1) to (3): fL E +Z,= 5 t 5 +2, where zZ, =R, ff) = /0 psi 
Thus, V 104 and V, = 208 
qob lt) (oft _ p , (20 EY 

62.4 Js 2(32.2 ff) 52.4 do; 2 (32.2 E) 


Also, 
Q, = Q, - Q, - € Q, = Ay V, 


Q,, = E 
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0.07 ff (29.02) -o21t (20 £1) = 3.27 4 


or Ib | 
ff = 150 m = 798 psi 


fa Vg 


ft 
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3.9% Water flows from a large tank through 
a large pipe that splits into two smaller pipes as 
shown in Fig. P3.94 If viscous effects are negli- 
gible, determine the flowrate from the tank and 
the pressure at point (1). 





FIGURE P3.94 


2 
£V Lu = H+ dv, where ~2=0, f eO , Vy 70, Zo7 7m 


" ^ Md and z,- én | 
J 
| = 1/24 (25-4) = f2(98/4B)(7-¥)m = 7.672 
Similar! 
Vy = 29 (20-22) = 7200.2/%) (7m) = 1.7# 


Thos, Q9 = t+ 5, = *0 T 
or 
gz Z| osm) (267%) +(0,02m) (1.7) | 


Also, 


Um W^ 


-3 m? 
- ¥/0x/0 ZL 


2- 2. 
fo, Mi, sd. XE tZ, where Z,-O0 and 


F^ 24 


or V $- 


2 
ff - r|z, 55 ] - cone 3. | 7m- 


or 
f = 57,9 kPa 


3775 


(4532 2 


2 (9.8) 2) 


9104107 -- m? 
Z (0.05m) 


eo SH 5g 


| =s:70x10° X 


395 


3.05 An air cushion vehicle is supported by 
forcing air into the chamber created by a skirt 
around the periphery of the vehicle as shown in 
Fig. P3.35 The air escapes through the 3-in. 
clearance between the lower end of the skirt and 
the ground (or water). Assume the vehicle weighs 
10,000 lb and is essentially rectangular in shape, 
30 by 65 ft. The volume of the chamber is large 
enough so that the kinetic energy of the air within 
the chamber is negligible. Determine the flow- 
rate, Q, needed to support the vehicle. If the 


ground clearance were reduced to 2 in.. what 
flowrate would be needed? If the vehicle weight 
were reduced to 5000 Ib and the ground clearance 
maintained at 3 in., what flowrate would be 
needed? 


M- e 


Vehicle 
T FE Y 7 d SE LUE ] (2) 
rA (LMT, 


Z 
3 in. 
FIGURE P3.95 


To support the load f = 2%- where W=vehicle weight 


Also, 

fS tio = y tog e 
So that — c: 
Vo = af or ARETA 


0 


and A,=(30ft)(6stt) = 19504" 


where 72,=0, Vo -0, and 2,722 


With h= ground clearance jt follows that 


Q =A V, = 2h(L*5)V, 
Thus, 


or 


where L.=65ft and b= 30ff 


2W 
Q = 2h (6st +30ft)y (7 950FF)(2.38x/0° 4 ) 


Q=/247h W i where h^fl and W^ f 
Thus, il h — f f! and W=/9 000 jf , hen Q= 3 /201- 


if h= fi and W-/e600014 | then Q 
and if h= eft and W =5 000/) , then Q 


3 


3 
2 oao + 


M 





il 


f1? 
2 200 d 


Q6 
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3.46 . Water flows from the pipe shown in Fig. 
P3.96 as a free jet and strikes a circular flat plate. 
The flow geometry shown is axisymmetrical. De- 
termine the flowrate and the manometer reading, 
H. 





dr 


FIGURE P3.96 


where P =O f^ 79, ZO and 24,7 0.2m 





29 J 
Thus, 
ap = 5 *Z, where AM -A,V -Q (1) 
ry hay Thy ~- bhy ~ 4(0lm)(4¥xI0%m) , _ 
iy. d Z p? e E v (0.01m)* h =46V 


Hence, Eq. (I) gives 
(160V Y = V? +2.(9.8142) (0.2m) or V, - 1592 


so that l 
Q = A, V = F (0.1 m)(4¥xX10 m) (1.592) = 2.00x/0 "2 
Also, i 


2 2 
2 +e tZ = £ E + Zp : where 5-9, zZ,-0.2m, | =/.60 V2 
or V = 1600459) = 2.542 and p,=0 


H= fe = Mag = 540 


———— -0.2m = 0/2 
7*9 "* 2(9.814) uir 
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3.37 


|r---——n - 
Disk Te 


3.97 Air flows from a hole of diameter 0.03 m in a flat plate as — 
shown in Fig. P3.37. A circular disk of diameter D is placed a — 
distance ^ from the lower plate. The pressure in the tank is 
maintained at I kPa. Determine the flowrate as a function of h if 
viscous effects and elevation changes are assumed negligible 
and the flow exits radially from the circumference of the circu- 
lar disk with uniform velocity. 


0.15 ———* 


NIS EIN 











FIGURE P347 
— / 44 E - 
where f,- BE, 70, =z, 


ge ° 2g 29 
Thus mdi deh 
J ——— —— ám. 
lw e de. .- 2 ( |x/o? E.) p m 
Va = P 4 pasi PAE 


so that 
Q =A, V, = TO, bM, =7(0.15m)h (403-2) 
Or 


Q= /*0h fe where h~m 
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3.98 | 


3.48  Aconical plug is used to regulate the air 
flow from the pipe shown in Fig. P3.98 . The air 
leaves the edge of the cone with a uniform thick- 
ness of 0.02 m. If viscous effects are negligible 
and the flowrate is 0.50 m?/s, determine the pres- 
sure within the pipe. 


Q = 0.50 m3/s 
EE 





2A (2) 
FIGURE P3.9g — 002m^ As 
V 


z 2 
PLV _f.% 
bo te EAE te E where Z=2Z2 and f2=0 


ð 2g I 
Also, : 
Nu AU. 
V, E i Z (023m) Os 
an " 
[eS EU NNEX Lr INN Y 
2 Ap 2mRh  27í(0,2m)(o.02m) A. 
Thus, 


Zz 
f = z e( V2- y^) = z (1.23 44, )(19.9°- 12.0* ) 2, = /55 D 


3204 


3.99 








3.99 Water flows steadily from a nozzle into a large tank as shown 
in Fig. P3.99. The water then flows from the tank as a jet of diame- 
ter d. Determine the value of d if the water levelin the tank remains 
constant. Viscous effects are negligible. 


From the Bernoulli equation, 


I: e 


" 2. BS FIGURE Pass 
AZ 
(1) T tag tZ, - E * 22 !Z, where Z,=Z2 and (70 
Also, 
AFAN and AV =AV, 
Or 


TD y -FD y, so that 
2 


(2) V =(2) V, - Jut y = 0,444 V, 
l 


O.1S f1 
Thus, trom Eqs. (I) and (2) 
V^ ue 

Fee E: pia 
£ 129 | 2g — 
€ (Ve -V^) _ (1-(0.4#4) ) Vo 
4H = 29 72813 TH) 
Hence, 
V, rig s 
so that 3 
OAV, =F (oot) (77.4 E) 2 0, 107 £* 
Also, 
= "A where OF =f; V; and V. - Veg (z,- 2. = 2[22.2É 3tt - |f) 

=//.35 Ë 

Hence. 
Ir d* (1.35 Hj = 0.1407 f 
or 
d= 0.126 ft 
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3.100 A small card is placed on top of a spool as shown in 
Fig. P3.100. It is not possible to blow the card off the spool by 
blowing air through the hole in the center of the spool. The 
harder one blows, the harder the card *'sticks'' to the spool. In 
fact, by blowing hard enough it is possible to keep the card 
against the spool with the spool turned upside down. (Nore: It 
may be necessary to use a thumb tack to prevent the card from 
sliding from the spool.) Explain this phenomenon. 


S FIGURE P3,100 


As the air flows radially ovtward in the gap between the card and 


the spool st slows down since the flow area increases with r, the 
radial distance trom the center. That IS, 


If VISCOUS effects are not important, 


then 


ae 


Q = 27rh Vor V= —— (see the figure), L exit = (1) 
r pn 
V 





2 : 5 77 WT? 
ba tag = constant "Cni, Vexi 2l 4 
A 
or Since fexit =O (a tree jeu id 3 
follows that 


2 " or | 
pp = $0 Vexi - V*) , where from Eg (0 Wy- V -i [2.5 
But Ryst >F So that p<0. There is a Vacuum within the gap. 


The card is sucked against the spool. The harder one blows throvgh 


the spool( larger@), the larger the vacwwm, and the harder the card is 
held against the spool. 
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3.101 — Water flows down the sloping ramp 
shown in Fig. P3.104 with negligible viscous ef- 
fects. The flow is uniform at sections (1) and (2). 
For the conditions givenshowthatthree solutions 
for the downstream depth, h,, are obtained bv 
use of the Bernoulli and continuity equations. 
However, show that only two of these solutions 
are realistic. Determine these values. 


2. 2 
fL. vg vul. V + 25 


2g "° (0$ 29 

Aiso, iai V; 

mao — 10 
Y, = Ly = EE ru 
Thus, 5 (i) tal ; 

( 10£.)* kd x (5) 

2 (32.2 £&) " 2(322 &) 
Or 


6445, —- 29345 


+/00 =O 


(1) 





aia, n, 
Vi = 10 ft/s =a |hi- 1 ft 


' -— oo -—— 
-ss o o mo tm 


H-28| 


FIGURE P3.10] 


(1) 
where =O, f,=0,2/= fl, 


and Z3 = h3 


+h, 


By using a root finding program the three roots to this cubic 


equation are found lo be: 
h, = 0.630 fi 


ha 
or 
h,* anegative root 


U 


44.9 ff 


C learly it is not possible (physically) 


lo have hz <0 Thus, hy = 0.6304 or 


3-/02 


h, -278 f 


3.102 Water tlows in a rectangular channel that is 2.0 m wide as 
shown in Fig. P3.102. The upstream depth is 70 mm. The water 
surface rises 40 mm as it passes over a portion where the chan- 


nel bottom rises 10 mm. If viscous effects are negligible, what is 
the flowrate? 





FIGURE P3.102 


r^" MET +4: where f,-O, p, -O, g,- 0.070, (I 
and 2,=(0,0/ +0./0)m = Q.II m 
Also , AV =A. 


or 

y= Y= O.07m UE 
Thus, £g. (I) becomes 
[1-0.7*]M* » 2(4.81 S) (0. -0.07)m or V2 42942 


Hence, 


3 
Q=A,V, = (0.07m)(2.0m) (1.242) = 0,174 © 
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*3,103 Water flows up the ramp shown in Fig. 
P3.103 with negligible viscous losses. The up- 
stream depth and velocity are maintained at h, 


= 0.3 m and V, = 6 m/s. Plot a graph of the — 2 
downstream depth, h., as a function of the ramp V; =6 EE 
height, H, for 0 = H x 2 m. Note that for each i d 


value of H there are three solutions. not all of , 
which are realistic. FIGURE P3.103 





(1) 
2 "ln - 
D d + 2, Er Ab + 2a where Bp fe -O typ? PURI, 


d uu 2 
Also, AM =A M, so that "or 


m 
= y= MMB) -LE where hrm 


Thus , £4. (1) becomes 


" A48 \2 
29 +0.3 m = vt +(Hth,) or with Ws , 


2- 
(62) * 2(4815:)(0.3 -H -5,)m = 428) M 
which can be written as’ 
h> - (2.135 -H) hy +0.1451 =O (2) 


For O<H<2m solve £e (2) for b, 


Rather than solving a cubic equation for ha (give), one 
can directly solve for H (gwen h, ). From £g. (2): 


i -2.43$ - 4, - TELIA E (3) 
A graph ot Eq, (2) or (3) is given on the following page. 


(con't) 


3-104 
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The results of an EXCEL Program to calculate H for given values of h, are shown below. 






























































ha, m H, m 
0.3 0.001 Water Depth vs Elevation Change 
0.4 0.703 
0.5 0.975 
0.6 1.076 22 aaieeaennieael Monas pM a Ue 
0.7 1.098 
0.8 1.077 2.0 fo ae | | 
0.9 1.031 | | 
1.0 0.970 1.8 mE i 
1.1 0.899 | 
1.2 0.820 1.6 1 " 
1.3 0.737 | 
ul XJ IN j 
14 0.651 1.4 | 
1.5 0.562 | 
1.6 0.471 g 12 | 
1.7 0.378 E 
1.8 0.284 1.0 
1.9 0.189 
2.0 0.094 0.8 3— ——7] 
p -0.002 
0.6 - | | 
| 
(See : 
0.2 s | | 
| 
| | 
0.0 1098 
0.0 0.2 0.4 0.6 0.8 1.0¢ 12 
H,m 


For H 21098 m there are no real : positive roots of Eg. (2), 
Thatis, for the given upstream conditions (V,=6 Æ and h,= 03m) 
we must have H< |.099m. It would not he possi ble lo have 
the flow go up a ramp of greater height than this without 
increasing either V, and/or h. The two possible water depths 
for a given H are plotted above. 
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3.105 A Venturi meter with a minimum diameter of 3 in. is to be 
used to measure the flowrate of water through a 4-in.-diameter 
pipe. Determine the pressure difference indicated by the pressure 
gage attached to the flow meter if the flowrate is 0.5 ft*/s and vis- 
cous effects are negligible. 





T | b, z 3p. 
D, = 4. 


3 Was 
where Q= 0,5 2 and e =|, IEE 





elI-(A. Ay] ' 


Thus, since As /A = (D. /D), 
; I LE (Ray a sfc pe 
0,5 nm n yz hi 
4. (Tz ) (],94 SUT) P ( 3in. / 4a. | 


of 
T. 
(fe = 68.8 ER «80 TR M2 60-8 di 





3-/06 


p, = 735 kPa ) Q ae 


Phe ae | 


y = 9.1 kN/m3 
FIGURE P3.106 


3.106 Determine the flowrate through the Venturi meter shown 
in Fig. P3.106 if ideal conditions exist. Q 





2 
tz, where Z 5s and A, V, = A, V 


p By, -(2)'y, 


p, (735 -S50)kPa 
2(48/ls*) (9,7 AN) 
2 n Wa NER eee, = 


[4 /? mm ) 
3/ mm 





Q- AV, = ED, V, - (eomm) (2152)7 6.10xj0? 4m 


g= 10T 


| 3.107 | 


| 
3.107 For what flowrate through the Venturi meter of Prob. 
3.]06will cavitation begin if p, = 275 kPa gage, atmospheric Q j 
pressure is 101 kPa (abs), and the vapor pressure is 3.6 kPa  ——» 
(abs)? $ 


y= 94 kN/m3 7 


/ 2 Ka 
(1) Lek tZ -H i he ms where z= 2 fA, * 3-6 kfdahs 
and 7 z(2754 /0/) k Pa (abs) 
Thus, with A, V = A, Vz = 376 kPalabs) 


or 2 


y =(5) Eg becomes 
(376 - 3.6 )k Pa 
2(9.812) OT Wn? 


(a + 
} 3 3/mm 


im 


EV 
I 





or 

- m 

^ = 30,6 = 
Thus, 


. A 3 
QAM = FOL Wy = (0.019 m) (30.6 9) = 8.68 x10 47 
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3.108 What diameter orifice hole, d, is needed if under ideal 


. conditions the flowrate through the oritice meter of Fig. P3.108is Q i Ni 
to be 30 gal/min of seawater with p, — p, = 2.37 lb/in.?? The ap 2-in. 
contraction coefficient is assumed to be 0.63. YT 
FIGURE P3.1!08 
2 2 
I M Jj he Vz (1) 
Aad disi er d "ag ' "x where Z,*Zs ,C,-0.£3, 
: and ~ 22.37 Sb 
With | s FÉ 7" 
g | min \/23 in; 
Q «(30 get 605 JG i gal HE) -0.0658 5. S and f= 64.015 
i Fol i ows that £43 
V 0.0668 S 2.04 f4 
l ' 4 H E^ a = , Ex 
4 (az ft) 


Thus, Ég (1) TEA 


ib 
p= 29 (8 Fe - (3.06 ) +2(32.2H I| 


40 4 
on? Ts 
or 


V, = 18.8 H 
Thus, since 
Q=A,y=GC Fd V, it follows that 


3412 

yQ 1/4 4 x 0.0668 5 

= R ee ey | Set O 4 E^ ; 
d | 7C V, | | v CAEDIS * 0999711 104 m. 


3-109 


fth ue 
Sof, Sn o. — 
3.109 Water flows over a weir plate (see Video V10.13)which Z fF ^-0-7*4 b- H i 


has a parabolic opening as shown in Fig. P3,109. That is, the &, "e | h 
. . . : * = e di LLLA. 
opening in the weir plate has a width CH?, where C is a con- 


: ara 
stant. Determine the functional dependence of the flowrate on T "z0 
the head, Q = Q(H). n Ae r 


P3.104 









Q > fu dA where U IS a function ath. A 
| i y = H-Z, Msu 

That IS, from "RA $2, = Z + $E with ty 2 
* " 7 Y 2 -0 (‘tree jet") | 
and z,7/-/ 
or yt u? 
(H -z,) fgg tz =O tag t (H-h) 
Thus, 

= 29h * V* aS /2gh il Yrs “small” 
Also 

af = C V2 dz (ie. dAzodz for z-0. dA - CUM for 228) so Mat 
Q= (fg lh cVz dz. where h=H-z. 


250 


H 
Thus, Q= ciag (Tei-z: Az where 
á z-// 


H 
[Yei- ias - Z|(z-4) luz -Z2 o. (4) si [(z-2 HA] 
y which reduces to: 770 


P TE Yag H? That is Q~ HŽ 


Alter natively J Q = VA where the average velocity JS proportional 
to Vi (i.e. V~ gH ) and the total flow area, is proportional 
to H” (ie. A~ Hx (CHE) = CH), Thus 


Q ~ Vogl (CH™) = cVzg H* 


That is, Q^ HT as oblained above. 
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3.110 A weir (see Video V 10.13)of trapezoidal cross section 
is used to measure the flowrate in a channel as shown in Fig. 


P3.1I0 If the flowrate is Qy when H = €/2, what flowrate is ex- 
pected when H = €? 





. FIGURE P3.1!0 


Q=AV where it is expected that Vis a function of the head, H. 
That is, V~y2gH 


Also, from the geometry A=ZH(LtL,) where h=ht2H tan 
Thus, A= H(L + Hlap30) so that 


Q -C, (za (f+ H tan 30°) pe where C, is a constant 


Let Q, = flowrate when H= £ 
and Wy= flowrate when H=2 


Thus, j 3 

Qo T C24 (L+ + tan30°)(£) - (4*9 z tan30°) B 

QOS CNIG (2+ L tan 30°) (D) 2 — (1*fanse) (22) — 0, 269 
or 
Q,- 3.95 Q, 





=i 


3.!! The flowrate in a water channel issome- 
times determined by use of a device called a Ven- 
turi flume. As shown in Fig. P3.141, this.device 
consists simply of a hump on the bottom of the 
channel. If the water surface dips a distance of 
0.07 m for the conditions shown, what is the 
flowrate per width of the channel? Assume 
the velocity is uniform and viscous effects are 0.2 m 

negligible. FIGURE P3.11l 


T. EE z^ with f -0, 57), z,-^2m, 
and Z= 4.2m-0.07Mm = |. 13 In 


Also, A, = A, Vs. 
: A sdam Mo | 

x zx ~ (.2-0.07-0.2)m ekari 

Thos, de Ee (1): 


Aerm edis pp [u.22) -1]M^ = 2068158) (1.2-/.13)m 


or V 2,943842 
Hence, 


z 
g = AM - (938 5 (1.2m) =/.73 Z 
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3.112 Water flows under the inclined sluice gate shown in 
Fig. P3./I2 Determine the flowrate if the gate is 8 ft wide. 





| 
, LÀ 
d l ft 
————————————————— 
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2 2 
f+ gi tZ, = fe + Me +22 where fA 29, fe 79, % = ff, 
Thys and Zı= / ff 
J 


y? E y,2 

ag t 6H = zg tit 

Bot AV * AV. , or 
Lr AM = RM M 
Hence, Eo. t!) becomes 


AM sgt = (6V +/ ff 


2g "f 

or , y 
[67-1] 4? = 232.2% (6-H o V exon 
Hence, 


Q=A,V, = 4" (8 f1)(3.03 #) = jas ft 
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(1) 





3.113 





| Q=022 
3.113 Water flows in a vertical pipe of 0.15-m 

diameter at a rate of 0.2 m/s and a pressure of 

200 kPa at an elevation of 25 m. Determine the 

velocity head and pressure head at elevations of 


Z,55m|: | (2) 
20 and 55 m. 
ma D=0.15m~| | 
Q O.27s- m 
=e = ————— = VIL =/ = 
V Al » (0.15m)* S o) A 


Ai point (0) : f= 200kFa 


2 m 
Vo = (1.35) = 6.5/m 
29 20801% 


T. 
i fe. Ww, f, V ug fo. £1 
y 29 Zo y 24 i of y ir Mid a ^ 
or kM 


P ^7zsoky t(25-720)m = 25.4 m 
k 25.4 m 


Similarly at point (2): 


2 2 
Vo = Me -6.5/m 
2g 2g 








and 2 
Burn e or f = Hea -22 
p kN 
2 _ 200 4 
zm + (25-55)m = -9.59M 
T= ego +l z259 m 
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3.14% Draw the energy line and the hydraulic grade line for the 
flow shown in Problem 3,78 





BFIGUHE P3.78 


For inviscid flow with no pumps or turbines, the energy line ıs horizontal 
al the elevation of the free surface of the tank. The hydravlic grade 
line is one velocity head, V724, below the energy line. Since 


Vy = /29 (Z-Z,) if follows that the hydravlic grade ling is 

Vy /og = (Z,- Z4) = 5 tt below the free surface atthe exit of 

the pipe. Also, since the pipe is a constam diameter, the velocity 
is constant throught the pipe. Hence, the hydravlic grade line is 
horizontal st below the free surface. Mote that since the 
pipe js above the hydravlic grade lihe, the pressure throvyhovt 
the pipe is less than al mes pheri. 






Energy line 


2 
Ve 
2 


Hydravlic — 7 
grade line 


235 


| 

| 

| 315 Draw the energy line and the hydraulic grade line for the 
flow of Problem 3.7-5 





FIGURE P3.75 


For inviscid flow with no pumps or turbines, the en ergy le 
is horizontal a distance 4 above the outlet . From Froblem 2.75 
we obtain h =1.79 fi. 


^ 
The hydravlic grade line is a below the energy line, starting 
at the free surface usta |; *O and ending al the pipe axi) 
where p,=0 and z4 Z4 Veep At point (1) the pes head 


is fw = (2.88-/45) 2 (a A) 624 fa = -26.8 f 
and 2, =O. 


2 
In the 4. pipe V = A V/A; -(z) V, so that 
| Ve (2 ye -(2)h =(2) (1.7940) =0.//2 ff 





| 29 29 
The corresponding EL and HGL are drawn to scale below. 
Ma -0.112 fl 
= e besos D Se ae Energy Line (EL) 
iL (3) E e) (2) "a 
Ü E B SESS Z =O 


2 
pipe centerline E =f= 1.79 fl 


! 
! 
| 
| 
| 
t 
! 
| 


Hydraulic Grade —~ 
Line (HGL) 
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3.116 Draw the energy line and hydraulic grade line for the flow 
shown in Problem 3.64. 





B FIGURE P3.67 


For steady, inviscid flow with no pumps or turbines the energy line 
js horizontal, a distance of tfl = 31 ift 95:31 ft above the 
outlet, (See solution to problem 3.44 for valves of h, ff, Vo, and fs, Vs.) 
The hydraulic grade line is one Velocity head, V 72g, below the energy 


line. 


Thus, with V /2g-20, Vea = (41.74) /(2 (32.2 By) = 27.0! 
and \4'/eg, "(16,5 By K2(22.28)) = 5,3/ f 


the Following EL and HGL are obtained: 


" Energ y Line (£L) 






wt Hydraul ic Grade Line (HGL) 


| 


| Ps 2123 


hn] 


LE ees J 


Note: f$ -- und, 7 (42. $) = 230 
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3.118 Pressure Distribution between Two Circular Plates 


Objective: According to the Bernoulli equation, a change in velocity can cause a change 
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve- 
locity. The purpose of this experiment is to determine the pressure distribution caused by air 
flowing radially outward in the gap between two closely spaced flat plates as shown in 
Fig. P3.116. 


Equipment: Air supply with a flow meter; two circular flat plates with static pressure 
taps at various radial locations from the center of the plates; spacers to maintain a gap of 
height b between the plates; manometer; barometer; thermometer. 


Experimental Procedure: Measure the radius, R, of the plates and the gap width, b, 
between them. Adjust the air supply to provide the desired, constant flowrate, Q, through the 
inlet pipe and the gap between the flat plates. Attach the manometer to the static pressure 
tap located a radial distance r from the center of the plates and record the manometer read- 
ing, h. Repeat the pressure measurements (for the same Q) at different radial locations. Record 
the barometer reading, Hsm: in inches of mercury and the air temperature, 7, so that the air 
density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer readings to obtain the experimentally determined pres- 
sure distribution, p = p(r) within the gap. That is, p = —y,h, where Ym is the specific 
weight of the manometer fluid. Also use the Bernoulli equation (p/y + V?/2g = constant) 
and the continuity equation (AV = constant, where A = 2zrrb) to determine the theoretical 
pressure distribution within the gap between the plates. Note that the flow at the edge of the 
plates (r = R) is a free jet (p = 0). Also note that an increase in r causes an increase in A, 
a decrease in V, and an increase in p. 


Graph: Plot the experimentally measured pressure head, p/», in feet of air as ordinates 
and radial location, r, as abscissas. 


Results: On the same graph, plot the theoretical pressure head distribution as a function 
of radial location. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 





E FIGURE P3.118 


(con't) 
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Solution for Problem 3.118 Pressure Distribuition between Two Circular Plates 


Q, ft^3/s R, in. b, in. Haw, in. Hg T, deg F Ynzo, Ib/ft*3 
0.879 9.0 0.125 29.09 83 62.4 
Experiment Theory 

r, in. h, in. p/y, ft V, ft/s p/y, ft 
0.7 -9.05 -663.75 220.8 -/40.7 
1.0 -6.02 -44 1.52 161.2 -387.2 
1.5 -2.02 -148.15 107.4 -163.1 
200 -0.96 -70.41 80.6 -84.7 
25 -0.48 -35.20 64.5 -48.4 
3.0 -0.24 -17.60 Sa -28.7 
35 -0.13 -9.53 46.0 -16.8 
4.0 -0.03 -2.20 40.3 -9.1 
4.5 -0.01 -0.73 35.8 -3.8 
9.0 0.00 0.00 22 0.0 


P = Patm/ RT where 
Patm = Yng Haw = 847 Ib/ft^3*(29.09/12ft) = 2053 Ib/ft^2 
R = 1716 ft Ib/slug deg R 


T = 83 + 460 = 543 deg R 
Thus, p = 0.00220 slug/ft^3 and y = p*g = 0.00220*32.2 = 0.0709 Ib/ft^3 
D/Y = Yu20"h/y 


V = Q/(2xrb) = 0.879 ft*s/(2*3.1415*(0.125/12)ft*r) 


Problem 3.118 
Pressure Head, p/y, vs Radial Position, r 








| * Experimental | 
—Theoretical | 


ply, ft 
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3.119 Calibration of a Nozzle Flow Meter 


Objective: As shown in Section 3.6.3 of the text, the volumetric flowrate, Q, of a given 
fluid through a nozzle flow meter is proportional to the square root of the pressure drop 
across the meter. Thus, Q = Kh'’?, where K is the meter calibration constant and A is the 
manometer reading that measures the pressure drop across the meter (see Fig. P3.114). The 
purpose of this experiment is to determine the value of K for a given nozzle flow meter. 


Equipment: Pipe with a nozzle flow meter; variable speed fan; exit nozzle to produce a 
uniform jet of air; Pitot static tube; manometers; barometer; thermometer. 


Experimental Procedure: Adjust the fan speed control to give the desired flowrate, Q. 
Record the flow meter manometer reading, A, and the Pitot tube manometer reading, H. Re- 
peat the measurements for various fan settings (i.e., flowrates). Record the nozzle exit di- 
ameter, d. Record the barometer reading, Hm, in inches of mercury and the air temperature, 
T, so that the air density can be calculated from the perfect gal law. 


Calculations: For each fan setting determine the flowrate, Q = VA, wherc V and A are 
the air velocity at the exit and the nozzle exit area, respectively. The velocity, V, can be de- 
termined by using the Bernoulli equation and the Pitot tube manometer data, H (see Equa- 
uon 3.16). 


Graph: Plot flowrate, Q, as ordinates and flow meter manometer reading, h, as abscissas 
on a log-log graph. Draw the best-fit straight line with a slope of 4 through the data. 


Results: Use your data to determine the calibration constant, K, in the flow meter equa- 
tion Q = KA? 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 








Pitot tube 
manometer 


Flow meter 
maometer 


= Pitot static 
à — | i tube 


Exit area = A 


Nozzle flow Exit Si 
ER 8 FIGURE P3.11q 
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Solution for Problem 3.119: Calibration of a Nozzle Flow Meter 


d, in. Ham, IN. Hg T, deg F 


1.169 29.01 75 
h, in. H, in. Ap, Ib/ft^2 V, fUs Q, ft^3/s 
1146 9.6 29.1 162 1.20 
11.1 9.4 28.1 159 1.18 
10.7 5.2 27.0 156 1.16 
10.1 4.9 25.5 190 1 18 
9.6 4.7 24.4 148 1.10 
8.8 4.3 22.4 142 1.06 
79 6.9 20.3 135 1.00 
7.2 3.6 18.7 130 0.97 
6.1 3.1 16.1 120 0.90 
5.4 EN 14.0 112 0.84 
4.5 2.9 12.0 104 0.77 
3.8 2.0 10.4 97 0.72 
29 1.9 7.8 84 0.62 
2.1 ie 5.7 72 0:53 
1.0 0.6 3.1 93 0.39 


P = Pam RT where 
Paim = Yng Haim = 847 Ib/ft^3*(29.01/12 ft) = 2048 Ip/ft^2 


R = 1716 ft lb/slug deg R 
T = 75 + 460 = 535 deg R 
Thus, p = 0.00223 slug/ft^3 
V = (2*Ap/p)'? 
Q = AV where 
A = nd^/4 = 1*(1.169/12 ft)^2/4 = 7.45E-3 ft^2 


From the graph, Q = K h’? = 0.358 h'^ where Q is in ft?/s and h is in in. 


Thus, K = 0.358 ft?/(s*in. °) 


(cont) 
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Problem 3.119 
Flow Rate, Q, vs Manometer Reading, h 


10.0 — -TL——4 C aan ' 
Jue = SR. imei RG Yt ttt | 
E nu xl me Rui rectam Phe Vnd ill 
L3 FUP. aur «ce 


a 
Oe aa ELI OE yee eee 
a Coo BENI cx: 


Q, ft*3/s 


Q = 0.358n? 9 
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3,120 Pressure Distribution in a Two-Dimensional Channel 


Objective: According to the Bernoulli equation, a change in velocity can cause a change 
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve- 
locity. The purpose of this experiment is to determine the pressure distribution caused by air 
flowing within a two-dimensional, variable area channel as shown in Fig. P3.120. 


Equipment: Air supply witha flow meter; two-dimensional channel with one curved side 
and one flat side; static pressure taps at various locations along both walls of the channel; 
ruler; manometer; barometer; thermometer. 


Experimental Procedure: Measure the constant width, b, of the channel and the chan- 
nel height, y, as a function of distance, x, along the channel. Adjust the air supply to provide 
the desired, constant flowrate, Q, through the channel. Attach the manometer to the static 
pressure tap located a distance, x, from the origin and record the manometer reading, h. Re- 
peat the pressure measurements (for the same Q) at various locations on both the flat and 
the curved sides of the channel. Record the barometer reading, Ham, in inches of mercury 
and the air temperature, 7, so that the air density can be calculated by use of the perfect gas 
law. 


Calculations: | Usethe manometer readings, h, to calculatethe pressure within the channel, 
p = Ymh, where Ym is the specific weight of the manometer fluid. Convert this pressure into 
the pressure head, p/y, where y = gp is the specific weight of air. Also use the Bernoulli 
equation (p/y + V*/2g = constant) and the continuity equation (AV = Q, where A = yb) 
to determine the theoretical pressure distribution within the channel. Note that the air leaves 
the end of the channel (x = L) as a free jet (p = 0). 


Graph: Plot the experimentally determined pressure head, p/y, as ordinates and the dis- 
tance along the channel, x, as abscissas. There will be two curves—one for the curved side 
of the channel and another for the flat side. 


Results: On the same graph, plot the theoretical pressure distribution within the channel. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Static pressure taps 





8 FIGURE P3.120 


(con?t) 
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(cont) 
Solution for Problem 3.120: Pressure Distribution in a Two-Dimensional Channel 


b, in. Q, f^3/s Ham: in. Hg T, deg F L, in. 
2.0 132 28.96 71 21.75 
Experimental Theory 
X, in. y, in. h, in. ave a p/y, ft p/y, ft p/y, ft 
flat side curved side flat side curved side 

07S 2.00 0.28 0.31 20.2 22.3 0.0 
2.50 2.00 0.21 0.37 15.1 26.6 0.0 
4.00 1.28 -0.42 0.03 -30.2 2.3 -50.5 
4.63 1.05 -0.77 -1.63 -55.5 -117.4 -92.2 
5.38 1.05 -1.01 -1.05 -72.7 -75.6 -92.2 
8.14 1.29 -0.63 -0.62 -45.4 -44.7 -49.2 
10.75 1.54 -0.32 -0.31 -23.0 -22.3 -24.1 
13.25 1.77 -0.15 -0.15 -10.8 -10.8 -9.7 
15.78 2.00 -0.05 0.00 -3.6 0.0 0.0 
21.75 2.00 0.00 0.00 0.0 0.0 0.0 


P = Pam/ RT where 
Patm = YngHatm = 847 Ib/ft^3"(28.96/12 ft) = 2044 Ip/ft^2 
R = 1716 ft Ib/slug deg R 
T = 71 +460 = 531 deg R 


Thus, p = 0.00224 slug/ft^3 and y = p*g = 0.00224 slug/ft^3*(32.2 ft/s*2) = 0.0722 Ib/ft^3 
p/y = yuzo" h/y 


Theoretical: 
p/y = Vext /2g - V?/2g where 
V = Q/A= Q/(b*y) and 
Vexi = Q/Aexi = (1.32 ft^3/s/)*(2 *2 /144 ft^2) = 47.5 ft/s 





Problem 3.120 
Pressure Head, p/y, vs Distance, x 
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3.121 Sluice Gate Flowrate 


Objective: The flowrate of water under a sluice gate as shown in Fig. P3.12I is a func- 
tion of the water depths upstream and downstream of the gate. The purpose of this experi- 
ment is to compare the theoretical flowrate with the experimentally determined flowrate. 


Equipment: Flow channel with pump and control valve to provide the desired flowrate 
in the channel; sluice gate; point gage to measure water depth; float; stop watch. 


Experimental Procedure: Adjust the vertical position of the sluice gate so that the 
bottom of the gate is the desired distance, a, above the channel bottom. Measure the width, 
b, of the channel (which is equal to the width of the gate). Turn on the pump and adjust the 
control valve to produce the desired water depth upstream of the sluice gate. Insert a float 
into the water upstream of the gate and measure the water velocity, V,, by recording the time, 
t, it takes the float to travel a distance L. That is, V, = L/t. Use a point gage to measure the 
water depth, zı, upstream of the gate. Adjust the control valve to produce various water depths 
upstream of the gate and repeat the measurements. 


Calculations: For each water depth used, determine the flowrate, Q, under the sluice gate 
by using the continuity equation Q = A,V, = b z|V, Use the Bernoulli and continuity equa- 
tions to determine the theoretical flowrate under the sluice gate (see Equation 3.21). For these 
calculations assume that the water depth downstream of the gate, 22, remains at 61% of the 
distance between the channel bottom and the bottom of the gate. That is, z} = 0.6la. 


Graph: Plot the experimentally determined flowrate, Q, as ordinates and the water depth, 
Zi», upstream of the gate as abscissas. 


Results: On the same graph, plot the theoretical flowrate as a function of water depth up- 
stream of the gate. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for problem 3.121: Sluice Gate Flowrate 


a, in. b, in. L, ft Z>, ft 
122 6.0 4.0 0.061 
Experimental Theoretical 

Zl ts V, ft/s  Q,ft^3/s Q, ft^3/s 
0.183 4.2 0.952 0.087 0.091 
0.267 5.0 0.800 0.107 0.114 
0.343 52 0.769 0.132 0.132 
0.453 6.2 0.645 0.146 0.155 
0.569 6.4 0.625 0.178 0.175 
0.725 7.0 0.571 0.207 0.200 
0.877 8.6 0.465 0.204 0.222 

Experimental: 

V. = Lít 

Q = V,bz, 

Theoretical: 

Q = b*z, *(2*g) "*[(z422) -1 - AzA 

where 

Zz = 0.61*a 


Problem 3.121 
Flow Rate, Q, vs Depth, 2, 





€ Experimental. 
— Theoretical | 
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4.4 The x- and y-components of a velocity field are given by 
u = —(V,/€)xandv = —(Vo/€) y, where V, and € are constants. 
Make a sketch of the velocity field in the first quadrant 


(x > 0, y > 0) by drawing arrows representing the fluid velocity 
at representative locations. 


U- -(W/I)x and v *-(W/f)y so that 
Ve UTIN = (We cy) =V, Z0) yy 


Thus with r7 Vx*+y* = radial distance from the origin, 

V= (Vo /L) r 
Hence, "E V on ‘ae ¥ V-2V 0n r 2f. V* zy, on P =z f; elc. 
Also, the direction of the vid motion relative to the X axis Ls 

Ó = arctan (W/u) or i yu 

2E. -(W fy X 

tanb = 7 (NX X - x 

Thus, on the X axis (y«0), tan@=0 or 0 * O' oy 180" (180 for x70) 
and on the y axis (X=0), tan -teo or Q = 90° or 270 (220 for y >) 
The velocity field looks as shown below. In the |*'quaarand,, both 


3 x»0 and y>0 so that bel] 
7 at "p U <0 and wy <0. 


Ke 





4.5 A two-dimensional velocity field is given by u = 1 + y and 
v = 1. Determine the equation of the streamline that passes 
through the origin. On a graph, plot this streamline. 


u=lty and w=! so the streamlines are given by 


((1sy)dy = (dx or 


y*zy^ =X+C where Cis a constant, 


For the streamline thal goes throvgh x= y=0, C=0. 
Hence, 


X-ytiy^ 


This streamline IS plotted below, Note Hal since A =l ^0, the 
direction of flow is as shown. 








4.6 The velocity field of a flow is given by V= 
(5z — 3)i + (x + 4)j + 4yk ft/s, where x, y, and z are in feet. 
Determine the fluid speed at the origin (x = y = z = 0) and on 
the x axis (y = z = 0). 


Up -&z-9 MEXIA wey 


Thus, al the origin U=-3, v7 4, W=0 
so that 


Vs -yu* u^ w^ = y3) +47 - 5 ft/s 


Similarly, on the X Axis UF E ME NS x A -0 
so that - 
V= Ju**m* u^ = (C3) QoY. = |X 8x 425 PIA, where x~ fl 
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4.7 A flow can be visualized by plotting the velocity 
field as velocity vectors at representative locations in the 
flow as shown in Video Vd.2 and Fig. E4.1. Consider the 
velocity field given in polar coordinates by v, = —10/r 
and v, = 10/r. This flow approximates a fluid swirling into 
a sink as shown in Fig. P4.7 Plot the velocity field at 


| locations given by r = 1, 2, and 3 with € = 0, 30, 60, and 
90 deg. 


With wm. Md and (v5 =10/r then 


Ve-4np tng? = yCIvrY + (l/r) = 4 au 
The angle o aiken, the radial | direction and, 


the velocity vector js given by 
| We _ 10/r 7 
tan - Ta = fcu ^! 


Thus, X= ¥5° for any r 0 
C.e. the velocity vector is alwa y oriented #5" relative to radial lines) 
3 





| 0 - 60 
Note: V is 
independent 
of 0. 0 = 30 
l 45° 
ys E 
“= V-7.07 al 22. 
0 90-70 
V=/4./4 atr= l V=47/atr=3 
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4.8 The velocity | field of a flow is given by 
V = 20v/(x? + y?) i - 20x/(x? + y2)'i ft/s, 
where x and y are in feet. Determine the fluid 
speed at points along the x axis; along the y axis. 


20 Y 
(x24 y2)% J 


Thus, V -4u* +v? 
bytes -200x sony? way? Y. 


— 
-—— 


What is the angle between the velocitv vector and 
the x axis at points (x, y) = (5, 0). (5. 5), and 
(0, 5)? 


20x 


-— (x? n y) 


(x^ + y*) 
Also, -20X 
Jan a » a 
any- u > 20y 
or (x? + y2) % 
3 
tan 0 = y 


Thus, for (xX,y) =(S, ®) 


tan@=-00 or @=-90° 





for (Xy) =(S,5) 
lan8--lor Q=- 


tor (X,y) 2 (0,5) 


lan 0 = O or 0-0 


= wf for any X,y 


y 
20% (5,5) 
(0,5) 20 f! 
Pr 
V 
| u 


4.9 The components of a velocity field are given by u = x + y, 
v = xy? + 16, and w = O. Determine the location of any stag- 
nation points (V = O) in the flow field. 


V= ure wh sur = V(X +y) Hye =0 


pl X+y=0 so that Koo 


and 
ar = Xy «l6 20 so that xy --/6 


Hence. (-y)y* --46. or Y=2 
Therefore, V=0 al X=-2 yz2 
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4.10 The x and y components of velocity for 
a two-dimensional flow are u = 6y ft/s and v = 
3 ft/s. where y is in feet. Determine the equation 
for the streamlines and sketch representative 
Streamlines in the upper half plane. 


“=6y , y=3 where streamlines are obtained trom 
d E ee TOT E, y dy = dk which can be integrated to give 


y~=X T where C is a constant. 





Representative slreamlines corresponding to ditferem valves of 
Care shown below. 


^ 
3 
C7é GA ee C -0 
C=-2 
C=-4¥ 
| X 
6 x5 xo (A. of & bt o» 84 * 8 


Note that for y>0 , u>o (ie, the flow is from left to right) 
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4. I] Show that the streamlines fora flow whose | 
velocity components are u = c(x? — y!) and v = | 
— 2cxy, where c is a constant, are given by the 

equation x?y — y*/3 = constant. At which point 

(points) is the flow parallel to the y axis? At which 

point (points) 1s the fluid stationary? 


U=C(x*-y*) , v=-2cxy 
Streamlines given by y=f(x) are such that ay = 
Consider the function K*y - - = const, (I) 
Note: Il is not easy to write this explicitly as y=f(x) 
However, we can differentiate Eg, (I) to give 

2xydx *x'dy - y'dy 7*0 or 

(x^-y*)dy +2xy dx =0 
Thes, the lines in the x-y plane given by Eg.) hove a slope 


dy _ -2xy dy . -2cXy 
2 = Pye ed for any constant c, P germ 


r Suisiiln - J Star A EN 
¢e. the function X*y -Æ =const. represents the slreanlines 
of the given flow. 


The flow is parallel to the x-axis when 2. 0 or v7O. 
This occurs when ether X=0 op y=0 


= V 
- u 


p Ce. the X-axis or 
the y-axis 
or “=O. 


The flow is parallel to the y-axis when % =o 
This occurs when X= y 


/ 


———————— 


The flvid has zero velocity a! x=y =O 
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4.12A velocity field is given by V = xi + x(x — l)(y + 1)j, 
where u and v are in ft/s and x and y are in feet. Plot the stream- 


line that passes through x = O and y = 0. Compare this stream- 
line with the streakline through the origin. 


u-X, v =X(x-1) (y+!) where the streamlines are obtained 
from 

dy _ vie x(x-D(yt) _ c. 

En Fo ES « op 


if 2 1) - [6 -1) dx which when Ih / earale d gives 


In (yt!) =#4x*-X+C , where C is a constant (4) 


For the sireamline that passes through the origin X= y=0 the 
valve of Cis found from Eg. () as 
In (1) =C , or C20 

(4 x*-x) 
Thus, In(ytü -*ZX'-x* or y=e = 
This streamline is plotted below. 


3.5 


4 



































v 1.5- ee! S | 
[X LL ÀJ 
66 o ee, 4 
dere da — + 
0.5 4 — —-— — ~ 
-1 0 1 2 3 


Note: The streamline is symmetrical about its low point 
of X=/, y=~-0.393, At x=y=o the velocity is O. 


For X<O, u«0 and for X>0, u70. Thus the thid 
flows from the origin (x= y =0), 


Since the flow is steady, streaklines are the same as streamlmes. 
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4.13 From time ! = Oto? = 5 hr radioactive The following wind conditions are expected: 
steam is released from a nuclear power plant ac- V = 10i — 5j mph for 0 < t < 3 hr, V = 
cident located at x = —1 mile and y = 3 miles. 151 + 8j mph for 3 < (t < 10 hr, and V = 





51 mph for ¢ > 10 hr. Draw to scale the expected 
streakline of the steam for ¢ = 3, 10, and 15 hr. 


For O<t<3hr , u= lOmph and v= - 5mph 
For 3«t </0hr , 4-45 mph and v=8 mph 
For £5/Ohr , U- 5 mph and V =0 


The streakline is the location (at timet) of steam released 
Carien. 


a) Af t=3hr steam is still being released. From t=0 toł=3hr 
it has traveled in the direction g 2 7-72 =-05 and the 


first of the steam is at X =-\mit(lOmph) (Shr) = 29m 
and y= 3mi+(-Smph)(2 hr) =-12 mr at t=3hr 
See figure below, 


b) Al t= hr Steam release stops. From {= Shr lo t= Shr the 

steams travels aX= Uat =(1S mph) (5-3)hr = 30m "east" 
and ay = vat=(@mph)(S-3)hr = 16 mi “north” 

See figure below, For ¢>5hr the streakline does not grow* 
lie., no more sleamreleased ), il merely maintains its shape i 
had at £= Shr 2. =v =Y ai =0) and translates. From 
b=Shr do t=/0hr it moves px = Uat= (1S mph) (10-S)hp = 75 mi 
farther “east” and Ay = vat =(8mph)(10-S)hr = 40 mi farther ‘north? 
See figure below. 

c) For los E «IShe the steam moves AX = (5mph)(t5s-Io)hr = 25 mi ‘east 

and ay= Vat =O mi “north”. 

The above is shown in the figure below. 


y,m 
streakline 6o E (109,59) (129,59) 
al lime L-Johr, t =/Shr 
indicated (74, #3) (159, 44) 
(99, 43) (134,44) 
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*4,|4- Consider a ball thrown with initial speed V, at an angle ltem y 

of 6 as shown in Fig. P4.)4a.As discussed in beginning physics, a ecce V 

if friction is negligible the path that the ball takes is given by 0 0 dr. 

_ errs 0.25 0.13 (a— Py x 
y = (tan 6)x — [g/(2 V? cos’ 0)]x 0.50 0.16 a 

Thatis, y = c,x + cox’, where c, and c, are constants. The path 0.75 0.13 A 

is a parabola. The pathline for a stream of water leaving a small 1.0 0.00 X 
" nozzle is shown in Fig. P4.Mband Video V42.The coordinates 1.28 —0.20 

for this water stream are given in the following table. (a) Use 1.50 —0'33 

the given data to determine appropriate values for c, and c4 in 1.75 —0.90 

the above equation and, thus, show that these water particles 2.00 ~ 1,43 


also follow a parabolic pathline. (b) Use your values of c, and —M——"O—— 
c; to determine the speed of the water, Vo, leaving the nozzle. 





B FIGURE P^4.4 


An EXCEL Program was used to plol the x-y data and 
to fil a second order curve lo the data. The results are shown below 







y vs x for Water Stream 

















(— yz-84987X + ik i 



























































Thus, with y=GX+ x? (f follows that 
C,= 0.7/5 =tan@ or Q =35.#° 


and 
2 i 2 V? cos’ 
Or 
2 032.2 | 0L ff 
Vo = SOAN cos (as = 7:85 -s 


Thu VW 2/62 H 














4.15 The x and y components of a velocity field are given 
by u = xy and v = —.xy*. Determine the equation for the 
streamlines of this flow and compare with those in Example 
4.2. Is the flow in this problem the same as that in Example 
4.2? Explain. 


Streamlines are given by dy _ T-- QUY" LY 
zi X 
or ay a- A which can be integrated as: , 


y 
(2 = -{ gr Thus, Iny=-Iny+€ , where isa constant. 


Thus, Xy=e 


Note: These streamlines are the same shape (same “flow pattern) 


as in Example 4.2 — but the velocity fields are different. 


However, the ratios T are the same : 


V. x y* 
g=- rey for ths problem 


RT as E; 
wl (Vt) €x) =-< for Example 42. 
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4.16 — A flow in the x-y plane is given by the 
following velocitv field: u = 3 and v = 6 m/s for 
0«:1«20s;u- —4andv = 0 m/s for 20 < 
t « 40 s. Dye is released at the origin (x = y = 
0) for t = 0. (a) Draw the pathline at ¢ = 30 s 
for two particles that were released from the or- 
igin—one released at t = 0 and the other released 
at ¢ = 20 s. (b) On the same graph draw the 
streamlines at times ¢ = 10 s and ¢ = 30 s. 


(a) For the particle released at 1*0, u=32 and v-6$ 
for O«t«20s . During this time the flow is steady and 
V 6 


the pathline has a slope S. = g “g 72 . ^t (090, x=y=0 


and al t=20 , x =(32)(20s) =60m and y= = (62) (205) =/20m 
For 20<#<30 , uz - * S and v=0, so that the flow is s teady 
and the pathline has a slope of r = O. The particle moves from 
y-260m to x= 60t+C4¥2)(30-20)s =+20m, but keeps the 
- 120m location during 29-1 «30s. This pathline is shown 
in the figure below. 
For the particle released at the origin at t = 20s if follows 
that w=-4% and v=0. Thos, the corresponding pathline 


extends from X=0 lo X= (-4 ---)(30-20)s = ~40m atl <3os. 


This pathline is shown in the figure below. 


6 
(b) At t=/0s , streamlines are given by d =F =É =2 
or y= 2x tC, , where e, = const. 
At t = 30s, streamlines are given by dy. =O 
or y= c, , where C, = const. These lines are shown below. 
pm particle at=30s (released al t=0) 
m ; ,— paphling 
— -— 120 3 - 
streamlines 
— j- on cee eu Ae ey uL al P*/0s 
streamlines 
at pi E am. a | 7 


EE s 40 go 
ETTA at t=30s Pale ‘at t= 20s) 
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4.17 — In addition to the customary horizontal 
velocity components of the air in the atmosphere 
(the “wind” ), there often are vertical air currents 
(thermals) caused by buoyant effects due to un- 
even heating of the air as indicated in Fig. P4.17. 
Assume that the velocity field in a certain region 
is approximated by u = ug, U = Vvoọ(1 — y/h) for 
O<y<h,andu = up vu = 0 for y > h. Plot 
the shape of the streamline that passes through 
the origin for values of usu, = 0.5, 1, and 2. 





FIGURE P4.17 


U=Up , V V (I- X) for O<y<h so that streamlines 
for y<h are given by y 
dy | v... w(1- $) dy V [d 
dx 7 W^ ao or Ing j^ 
O O 
Thus, -h In 1 3) - x Note: The lower limits of integration 
( X=0, y =0) insure that this 
equal lon is for the streamline 


through the origin. 
This streamline 


x --h (=) In (1— +) is plotted below. 
































ylh vs x/h 
1 | —— y atn 1 
| B e "T y — — - c 
Pat a 
0.8 a —T —— 
AA | 
0.6 —#- wT— pe | uO/vO = 2 
E3 i E | | | — —UuO0NO s 1 
0.4 3—r— mE. | dese ee j | 7-7-u0N0-05 
/ / | . 
9.2 3-2 P—- = t- =r saman | 
if | | 
0 | | 
0 0.5 1 145 2 2.5 3 
x/h 
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*4.18 — Repeat Problem 4.17 using the same in- 
formation except that u = ugy/hforüz y s A 
rather than u = uy. Use values of s/v = 0, 0.1, 
0.2, 0.4, 0.6, 0.8, and 1.0. 





7 , VV (17 35) for Q«y«h so that streamlines 


for y<h are given by 


YY = Br x az ey) or with x=0 when y=0 


(n5 h- y) dy = fi dx This inte grates to give 


-y -h In(h- ae la (h) = «t x or x =(te)! Inf) - 3: 





This streamline is plotted below for O< Y €], with 
a = O, 0.1, 0.2, 0.4, 0.6, 0.8, and |,0 The has WCETE 


palewleled and plotted vsing 4p EXCEL Program. 









































y/h vs x/h 
Q, % 
A 
]c—— I o 
0 : 
0 0.5 1 15 2 
x/h 
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4.14 As shown in Video V4.6 and Fig. P4.1q, a flying airplane 
produces swirling flow near the end of its wings. In certain cir- 
cumstances this flow can be approximated by the velocity field 
u = —Ky/(x? + y?) and v = Kx/(x? + y*), where K is a con- 
stant depending on various parameter associated with the air- 
plane (i.e., its weight, speed) and x and y are measured from the 
center of the swirl. (a) Show that for this flow the velocity is 
inversely proportional to the distance from the origin. That is, 
V = K/(x? + y?)'?. (b) Show that the streamlines are circles. 





"FIGURE P4.I4 


ag 
Ck (Kx | . 
fa) V» yu «mw (x? + y?)? i G^» a — x^ y? 
or 
V- K where r=. x^4y* 
: dy omo =y) _ x 
( b) Streamlines are given by A he ie e Sue y 


Th Us (x^ 4 y?) 
ydy = -Xd which when integra led gives 


ly = =R 46, where C is a constant. 


X t y* = Constant 


C 


4 ~/6 





Particle x att = 0s (ft) x att = 0.002 s (ft) 


l —0.500 —0.480 
4.20 (See Fluids in the News article titled “Follow those parti- 2 —0.250 —0.232 
cles,” Section 4.1.) Two photographs of four particles in aflow past 3 —0.140 —0.128 
a sphere are superposed as shown in Fig. P4.20. The time interval 4 —0.120 —0.112 
between the photos is At = 0.002 s. The locations of the particles, 


as determined from the photos, are shown in the table. (a) Deter- 
mine the fluid velocity for these particles. (b) Plot a graph to com- 


y, ft 
pare the results of part (a) with the theoretical velocity which is eae : 
given by V = Vo(1 + a*/x°), where a is the sphere radius and V, is hiis 
the fluid speed far from the sphere. : - - 2527 c, x, ft 


B FIGURE P4.20 
The flvid velocity (which is assumed to be the same as the particle velocity) 
can be estimated by 
V = ax /at 
Thos, for particle (1) : V - | -0. 40 t - (- 0.5001) | / (0.0025) s 10 f| /s 





During 1o 0.0028 time interval the average location of the particle was 
X = [(-0.4804) *(-0.5o0ft)| =- 0.0490 f] 
By similar calculations fhe following experimental results WENE obtained : 


These experimental results and ihe 
theoretical results ( V V, (lta?) where 
Vo= 10 fl/s and a 7 0,1) are plotled in the 
figure below. 
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== 
Y 
g 
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—4 
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4.21 (See Fluids in the News article titled “Winds on Earth and 
Mars," Section 4.1.4.) A 10-ft-diameter dust devil that rotates one 
revolution per second travels across the Martian surface (in the x- 
direction) with a speed of 5 ft/s. Plot the pathline etched on the sur- 
face by a fluid particle 10 ft from the center of the dust devil for 
time 0 < t = 3s. The particle position is given by the sum of that 
for a stationary swirl [x = 10 cos(271), y = 10 sin(27:)] and that 
for a uniform velocity (x = 5t, y = constant), where x and y are in 
feet and t is in seconds. 


The palh line js given by 


X= [0 cos (27d) * 51 

and 

yz lo sin (27t) , where xuti, y-fl and t~s 
This path is plotied for Osisas below. 


Particle Path 























x, ft 
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4.22 The x- and y-components of a velocity field are given by 
u = (Vo /€) xand v = —(Vo/€) y, where V, and € are constants. Plot 
the streamlines for this flow and determine the acceleration field. 


Since U * (W/E)x and w= ~“(Vo/L)y, the streamlines are 


given by 

d -Mo -(Vo/4) E 

dU ut gy coi Um 

4 F -& Which can be integrated fo gie 


(4 <~( AK D^ Iny = - [nx t constant 
y X 
Hence the streamlines are x y = constant y 
Typical streamlines (hyperbolas) ho € 
are sketched in the figure to the ey N 
X 


right. | 
i VG 


= O *(W/1)x(W/D) +0 = (V AL) x 
and we ge LM 
dy = T "Wax * ay 


-0 +0 +(-(Vo/b)y)(- WA) WAP 
Ths, 
à -a d tayi = (474) [xt + yp] 


4 -/q 
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4.23 A velocity field is given by u = cx? and 
v = cy’, where c is a constant. Determine the x 
and y components of the acceleration. At what 
point (points) in the flow field is the acceleration 
zero? 


ou à 
Ox =% tusy tv 3E = (cx3)(2eX) = 2c*x* 


ov 
a, = ga tUat Vay = (ey*(zey) = 2c*y 





T hus , Q "Gita, i =O at (x,y) » (0,0) 


1.2.4 
4.24 Determine the acceleration field for a three-dimensional 
flow with velocity components u = ~x, v = 4x?y?, and 
fu ue F y. 


uü = TK AP zx 4 xty*. and wr = X-Y SO that 
dy = 24 uir 272722271 
- O+FCX)(-1) + 4x y* (0) +(x -y)o) = x 


= OV LAW. LUE MMC VL AL 
ly y uy tur 


= O4 (-X)(6xy?) 4 (ux ^y?)(8x^y) +(x-y)(0) 
= -Bx'y*t32x*y? = gx*y'(ux*y -1) 
"ad dur, da dM de 
Az = 7p tu sy My tA FE 


= 0 + (-x)(1+(4x?y*) (-1) +(x-y) (0) 


à =a? tay} + gk 
=x? 4 x°% (4x*y-D = (x-+4x*y?) k 
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4.26 The velocity of air in the diverging pipe shown in Fig. P4.26 
is given by V, = 4¢ft/s and V, = 2tft/s, where t is in seconds. (a) 
Determine the local acceleration at points (1) and (2). (b) Is the av- 
erage convective acceleration between these two points negative, 
zero, or positive? Explain. 





b) convective acceleration along the pipe = U 








—S—= iP 





== 


where U ^O. At any time, t, V, V, . Thos between (I) and (2) 





Hence, ust <O or the average convective acceleration 


JS negative. 
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4.27 Water flows in a pipe so that its velocity 
triples every 20s. At: = O it hasu = 5ft/s. That 
is, V = (Ni = 5 (3); ft/s. Determine the 
accleration when ¢ = 0, 10, and 20 s. 


u-s(s ^) yro, w-o 


a b at +V-vV = an SINCE V-vV 20 because V is not a 
d a function of x,y,orz. 

Since 24 = 5] 377? (9) sb] = 0.275 (3*22) S with t^s 

il follows that 


— 


m S 0.275, al t=0 


IS af m 

aA = 0.4760 El al mU 
and 

A-0825: ER at L-205 
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4.28 . When a valve is opened, the velocity of water in a 
certain pipe is given by u = 10(1 — e "),v = 0, and w = 0, 
where u is in ft/s and ¢ is in seconds. Determine the maximum 
velocity and maximum acceleration of the water. 


Ve Ju* *v^*w* = Io(1—e&7*) so that d! - ipe * so for all t 
Thus, Mu, = V| = 108 


= & 





Also, a = Q,t where a, = 12 tü$x with jy 79 
Pe. = -t 
Thus. Q, 57 * 106 , $0 that oe = a| z Jo É, 
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4.24 The velocity of the water in the pipe 
shown in Fig. P4.29 is given by V, = 0.501 m/s 
and V, — 1.0t m/s, where t is in seconds. De- 
termine the local acceleration at points (1) and 
(2). Is the average convective acceleration be- 
tween these two points negative, zero, or posi- 





tive? Explain. FIGURE P4.29 
òV _ m 
jp Oe Rx 
dV m 
ca 1,0 ux 


Since V,>V, it follows that W >o, Also, V>0 so that 


; i V He 
the convective acceleration Vx, Is positive. 
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4.30 A shock wave is a very thin layer (thickness = £) in a high- 
speed (supersonic) gas flow across which the flow properties 
(velocity, density, pressure, etc.) change from state (1) to state 
(2) as shown in Fig. P4.30. If Vy = 1800 fps, V, = 700 fps, and 
€ = 10^* in., estimate the average deceleration of the gas as it 
flows across the shock wave. How many g’s deceleration does 
this represent? 


Vi 





FIGURE P4.30 


a=5, +V-0V so with V =U a-eézuiyxí 


Without knowing the actual velocity distribution, u=ulx), the 
acceleration can be approximated as 
au | (Vite) (W-V) _ (1800+700)fps (700 - 1890) fps 





x ax 2 £ 2. 10 -) f4 

d | f4 Q 1,65 xo! Ti E g 
/ $ è x = E a — 

ay =-1.65x10 =z [his is à 3228 5.12 x 70 
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4.22 . Asavalveis opened, water flows through 
the diffuser shown in Fig. P4.32 at an increasing 
flowrate so that the velocity along the centerline 
is given by V = ui = V,(1 — e?) (1 — x/f yt, 
where uo, c, and fare constants. Determine the — Ó ( : 
acceleration as a function of x and t. If V, = ws gl er 
10 ft/s and € = 5 ft, what value of c (other than 
c = 0) is needed to make the acceleration zero 
for any x at t = 1 s? Explain how the acceleration 
can be zero if the flowrate is increasing with time. 





FIGURE P4.32 


G= +V V — Wilh u=u(x,) , v-0, and w=0 
this becomes 


i-(ibiu3E)t eat , where u-V(1-6^)0- 3) 


dy = V, (I- 9)c gc ryti- E iX 7) 
a, -Vü- Tc get. Me (1-e**y | 


If Ay =0 for any X al t=1 S we must have 
s p i =J0 dS 
[cé * - & (1- evt] «o With Vy =] and l 


-C 2 
ce -P2l(i-e~*)=0 The solvtion (root) of this egvation 
js C= 0.490 d 


For the above conditions the local acceleration ($7 >0) is 
precisely balanced by the convective deceleration (45x <0), 


The flowrate increases with time, hut the fluid flows to an 
area ot lower velocity. 
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4.33 A fluid flows along the x axis with a velocity given by 
V = (x/t)i, where x is in feet and ¢ in seconds. (a) Plot the 
speed for 0 € x = 10 ft and! = 3 s. (b) Plot the speed for x = 
7 ft and 2 = t = 4 s. (c) Determine the local and convective 
acceleration. (d) Show that the acceleration of any fluid particle 
in the flow is zero. (e) Explain physically how the velocity of 
a particle in this unsteady flow remains constant throughout its. 
motion. 


(d) y= Xt ff so al t=3s " uz. 


(b For X27 ft u= + ft 


au X LU Xypw.x 
(C) AW ^ 7 x4 and use = P(t) i 











(d) For any flvid particle gz- +V-0V 
which with V=0.w=0 becomes 





3 


g= 25 suse =(-4 Ti E Mi zc 


(e) The particles flow nto areas of higher velocity (see Fig-/), 
bul at any given location the velocity is decreasing in time 
(see Fig. 2), For the given velocity field the local and 
convective accelerations are equal and opposite , giving 
zero acceleration through ovt. 
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)4.34 A hydraulic jump is a rather sudden change in depth of a Hydraulic jump 

| liquid layer as it flows in an open channel as shown in Fig. P4.34 — 
and Video V10.12. In a relatively short distance (thickness = £) 

| the liquid depth changes from z; to z;, with a corresponding change 
in velocity from V, to V}. If Vi = 1.20 ft/s, V = 0.30 ft/s, and 
€ — 0.02 ft, estimate the average deceleration of the liquid as it 
flows across the hydraulic jump. How many g's deceleration does 
this represent? 





n FIGURE P4.34 


a =a *V-VV so with V =uni , Z-gí-ujgx lt 


Without knowing the actval velocity distribution , u = utx) 
the acceleration can be approximated qs 


HB 
ahi 20 +0,30) € (0.30-1.20)5. 


O. 02. 17 
- 33,4 


M 


a, HATE RH pmi 





lal . 33.6 Ë, 


Tj a = px o = /,0S 
hus, 7 32.2 pa =a 
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4.35 A fluid particle flowing along a stagnation streamline, as 


shown in Video V4.9 and Fig. P4.35, slows down as it approaches Stagnation point, s = 0 





the stagnation point. Measurements of the dye flow in the video pu Fiild particle 
indicate that the location of a particle starting on the stagnation ei » 4 
streamline a distance s — 0.6 ft upstream of the stagnation point lh. NE 


at t= 0 is given approximately by s = 0.6e79*, where t is in 
seconds and s is in feet. (a) Determine the speed of a fluid 8 FIGURE P4.35 
particle as a function of time, Voarice(t), as it flows along the 

steamline. (b) Determine the speed of the fluid as a function of 

position along the streamline, V — V(s). (c) Determine the fluid 

acceleration along the streamline as a function of position, 

a, = a(s). 


(a) With s=0.6 mS il follows that 


_O, -0.51 
Las HE ostos ett = 026% n 


(b) From part (a), 
ye (-0.5)|0.6 g^? | Where S=0.6 e 


T hus, 
V= (-0.5)| 5 | , or V=-055 ft/s where s~ ft 


0.54 


dV 
(c) For steady flow, a, = V fs 
Thus with V= -0.55 and A E 


q, = (-0.5s)(-05) = 0.25 S Ws where s- fl 


Mole: For S 70 Gy Is positive — the particles acceleration is to the right. 
Since the particle IS moving Jo the leti Qa positive Qs for this case 
implies that the particle IS decelerating (as if must be for this 
stagnation point flow). 
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4.36 A nozzle is designed to accelerate the fluid from V, to 
V5 in a linear fashion. That is, V = ax + b, where a and b are 
constants. If the flow is constant with V, = 10 m/s at x, = 0 
and V, = 25 m/s atx, = 1 m, determine the local acceleration, 
the convective acceleration, and the acceleration of the fluid at 


points (1) and (2). E 
Wilh uzax +b jy VR. and w=0 the acceleration a= VV 
can be written as 
ü -a,6 where a= ui (1) 
Since k= V, =10- at x=0 and “=\Wy=25 2 at x=/ we obtain 
l0= O+b 
25=atb so that a= /5 and b710 
That 1S, u -(I5x«10) 2 ; where X~m » S0 that from Eo, (1) 


ay = (15x410) -& (15 z) = (225X+150 ) B 
Note: The local acceleration is zero, $* =0 , and the 


convective acceleration is u $E f = (225x+150) î no 








At x=0, d -l50f f ; atk=/m , a7 37500. 
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4.37 Repeat Problem 4.36 with the assumption that the 


flow is not steady, but at the time when V, = 10 m/s and 


V; = 25 m/s, it is known that àVj/àr = 20 m/s? 


and 
0 V./àt = 60 m/s?. 


With U=U(x,t) , v=0, and w=0 the acceleration A= 55 +V-VV 
can be written as m 
d -Q,f where q=% tux , with u=alt)x +b). (i) 


At the given lime (t=to) u= V, = 102 at x =O and U=,=252% at X=/m 
Thos, I0 = O + b(t) 


25=Alt) +h) so that alt.) =/5 and 545) =!0 
Also al t=te 3 i =A- 20 & at X-0 
JW 


and it -— = 60 Æ at X=/m Note: These are local 





. accelerations at time E=to 
The convective acceleration al X=0 (£g. (1) îs 


u% = (ax+bh) (a) =(/5 (0) +10) 5 +)=150 2, 
while at X=/ ifi d 

u2 = (150) 9) (I5 x) = 3755 
The fluid acceleration at t= te Ís 


P TEET we —-(201150)t 2 - 705 se at x «Q 
and. D . EM 


a =(60+375)? $ = 435 i L sz al x«Im 
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4.38 An incompressible fluid flows past a turbine blade as shown 
in Fig. P4.38a and Video V4.9. Far upstream and downstream of 
the blade the velocity is Vy. Measurements show that the velocity of 
the fluid along streamline A-F near the blade is as indicated in 
Fig. P4.38b. Sketch the streamwise component of acceleration, a,, 
as a function of distance, s, along the streamline. Discuss the im- 
portant characteristics of your result. 





ta) M FIGURE P4.38 


a. = ay where from the figure of V -Ws) the function 
oy has the following shape. 





The fluid decelerafes trom Ato C, accelerates from € to 2, and 
the decelerates again from D toF. The nel acceleration tram 
AtoF js zero (¢.0, la o e Ve), 
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4.34 Air flows steadily through a variable 
area pipe with a velocity of V = u(x)i ft/s, where 
the approximate measured values of u(x) are given 
in the table. Piot the acceleration as a function 
of x for 0 = x = 12 in. Plot the acceleration if 
the flowrate ts increased by a factor of N (i.e., 
the values of u are increased by a factor of N), 
for N = 2,4, 10. 


simplities to a. = Gt where dy = ust 


x (in.) 


0 


NN & WN —— 


u (ft/s) 


10.0 
112 
13.0 
20.1 
28.3 
28.4 
25.8 


x (in.) 
7 
8 
9 
10 
11 
l2 
13 


d 


av 


+V-0V 


u (ft/s) 
20.1 — 


2» 


The valves U are given in the table ; the corresponding Valves 
of 2L can be obtained by an approximate numerical differentiation. 
The results are shown below for the given date (i.e. with N=!). 


Note that since =u s4 it follows that and increase in velocity 


from u lo Nu increases the acceleration from a to N° 


x, IN. u, ft/s  du/dx, 1/s 
0 10 2.4 
1 10.2 18 
2 13 59.4 
3 20.1 91.8 
4 28.3 49.8 
5 28.4 -15 
6 25.8 -49.8 
7 20.1 -50.4 
8 17.4 -39.6 
9 13.5 -33 
10 11.9 -19.2 
11 10.3 -11.4 
12 10 -1.8 
13 10 0 


u du/dx 
24 
184 
772 
1845 
1409 
-426 
-1285 
-1013 
-689 
-446 
-228 
-117 
-18 
0 


The results are plotted on the nex} page. 


(con) 
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(con't) 


311,30 





14 


12 


8 


6 


In. 


EI] 
rN 


EN. 
E 


du/dx, 1/s 


ma 
= 
_ 


N = 
[— Fe ndr 
eod 
Tra 
TER vt. a 1— 
In 


2500 
2000 - 
1500 
1000 
500 € 
-1000 - 
1500 


4-33 


*4,40 As is indicated in Fig. P4.40, the speed 
of exhaust in a car's exhaust pipe varies in time | 
and distance because of the periodic nature of the | 
engine's operation and the damping effect with | 
distance from the engine. Assume that the speed > 
is given bv V = V,[] + ae sin(crt)], where: m V = Voll + ae-* sin(at)) 
Vo = 8 fps. a = 0.05. b = 02 ft-', and w = 50 
rad/s. Calculate and plot the fluid acceleration at 
xy = 9, 1, 2. 3, 4..and'"5 ft For 0 s 4 0/255. 





FIGURE P4. 40 


Since u - UCX ,t) : y-O, and w=0 i1 follows that 


> -NV Vif = òU y òu 
a= VVV =a% i , where a= $i +453% (1) 


Thus, with “= Voli +a e P ein (wt)] Eg. (1) gives 
Ay = Vo aw Gi esi (wt) +V fita & P sin (wt) V aC b) £^ sin (wt) 
=Ve eT wy cos (wt) - V, b sin(wt) (| ta e OX oin (wu ))| 


With V, -gH i a-0.05, b=0.2 FF ; and w = 50 rad 
this becomes 


Ay = 0.4 e ^*^ T £0 cos(5ot) —/.6 sín( 501) (130.05 B i, (sot)) 5 Q) 
where t~s and x^ fl 
Plot ay from Eg. for OS US z$ © with X=0,1,2,3,% ands fl. 


An Excel Hooham was vsed 1o calculate Gy trom £9 (2), The resvife 
are shown on the nekt page. 


(con't) 
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ts 
0.000 
0.005 
0.010 
0.015 
0.020 
0.025 
0.030 
0.035 
0.040 
0.045 
0.050 
0.055 
0.060 
0.065 
0.070 
0.075 
0.080 
0.085 
0.090 
0.095 
0.100 
0.105 
0.110 
0.115 
0.120 
0.125 


x - O0 ft 





Acceleration at various x locations, ft/s^2 


x-1ft 
16.37 
15.73 
14.11 
11.61 
8.39 
4.65 
0.61 
-3.46 
-7.31 
-10.71 
-13.44 
-15.34 
-16.29 
-16.22 
-15.15 
-13.14 
-10.32 
-6.85 
-2.96 
1.12 
6.13 
8.82 
11.96 
14.36 
15.87 
16.38 


Acceleration, a,, vs Time, t 


x=2ft 
13.41 
12.88 
11.56 
9.51 
6.87 
3.81 
0.51 
-2.83 
-5.98 
-8.76 
-11.00 
-12.56 
-13.33 
-13.28 
-12.41 
-10.76 
-8.45 
-5.61 
-2.42 
0.92 
4.20 
7.22 
9.80 
11.76 
12.99 
13.41 














x= 3 ft 
10.98 
10.55 
9.46 
7.79 
5:63 
3.12 
0.42 
-2.31 
-4.90 
-7.17 
-9.01 
-10.28 
-10.92 
-10.87 
-10.16 
-8.81 
-6.91 
-4.59 
-1.98 
0.75 
3.44 
5.92 
8.02 
9.63 
10.64 
10.98 





x= 4 ft 
8.99 
8.64 
7.75 
6.38 
461 
2.55 
0.34 
-1.89 
-4.01 
-5.87 
-7.37 
-8.42 
-8.94 
-8.90 
-8.32 
-7.21 
-5.66 
-3.76 
-1.62 
0.62 
282 
4.84 
6.57 
7.88 
8.71 
8.99 


x-5ft 

7.36 
7.07 

6.34 
5.22 

op 
2.09 
0.28 
-1.55 
-3.28 
-4.81 
-6.04 
-6.89 
-7.32 
-7.29 
-6.81 
-5.90 
-4.63 
-3.07 
-1.32 
0.51 

2.31 

3.97 
5.38 

6.45 
9.13 
7.36 








~ 


inlay ~ O 





0.00 0.02 0.04 0.06 0.08 0.10 0.12 
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4,44 Water flows over the crest of a dam with speed V as shown 
in Fig. P4.4l Determine the speed if the magnitude of the 
normal acceleration at point (1) is to equal the acceleration of 








gravity, g. 
FIGURE P4.4| 
2 
| f ~ g fi 
Q,7 M. or with q,= 322% , Vea R = 2a) m 
= 8.02 it 
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4.42 Assume that the streamlines for the wingtip vortices from 
an airplane (see Fig. P4.19 and Video V4.6) can be approximated 
by circles of radius r and that the speed is V — K/r, where K isa 
constant. Determine the streamline acceleration, a,, and the normal 
acceleration, a,, for this flow. 
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4.43 A fluid flows past a sphere with an upstream velocity 

of V, = 40 m/s as shown in Fig. P4.43 From a more advanced 

theory it is found that the speed of the fluid along the front part / 
of the sphere is V = $V sin 8. Determine the streamwise and V 40° £4 

normal components of acceleration at point A if the radius of as ! B 


the sphere is a = 0.20 m. 


FIGURE P4.43 


V- 3 V, sind = (40Ẹ) snd = 60 sho 2 
" o sin 40°)? & 

an=% E {60 sin #0) ss = 74404, 

and 


OV 
ls =V is  (60sin0) Js- ; where Js — 28 S 


From E40) , W = 60 cose 
Also $= a6 = 0.26 m. where 0^ rad , SO that 22 ae “52m 


Thus, for 6 - 40° 
= (60 sin 40°2)(60cos 40) (sam) = 8860 & 
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(1) 





*4.44 For flow past a sphere as discussed in 
Problem 4.43, plot a graph of the streamwise ac- 
celeration, a,, the normal acceleration, a,, and 
the magnitude of the acceleration as a function 
of 0 for 0 <= 0 < 90? with V, = 50 ft/s anda = 
0.1, 1.0, and 10 ft. Repeat for V, = 5 ft/s. At 
what point is the acceleration a maximum; a min- 
imum? 











me auc T o sin 8 (1) 
and a = VM =y% 38 , where = 3- V, cos and s=a0 
Thos, or $$ a 

7 (M sind) (3 V, ces0) y = pu sinÓ cosG (2) 


ence the magnitude of the acceleration is 


a az = LE aio + sno costo = 2 


(3) ] i = 1] sin — Thus, 








zb nx 9 Ww? H " 
lali, =O at 8*0 , | ax gq at 0-40 
An Excel Program was used to caloslajo as, An, and a from 
Egns. (1,2) and (3). The results are shown bo/on. The restr for 


other valves are similar if the tactor V,*/a is accented for. 
The following data is fer Vo =5 ts a1 fl 


Acceleration vs Angular position 


V, = 5 ft/s 
qalfi 














A 
e 


af 


ol accel, ftsa2 | | 


— = streamwise accel, 
ft/s*2 


| * = accel, ft/s^2 


| T— 





NO 
e 








acceleration, ft/s? 
Ww 
e 








Z 
e 








© 


O 10 20 30 40 50 60 70 80 90 
0, deg 
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*4.45 The velocity components for steady flow through the nozzle 
shown in Fig. P445 are u = —V,x/€ and v = V,{1 + (y/€)], 


where V, and @ are constants. Determine the ratio of the magnitude 
of the acceleration at point (1) to that at point (2). 


5BFEIGURE P4.45 


( a - Ya? dy where - 
ay = 35 4 pr He s (y Me X30) -(42)* 
and 
a, = u 3 ant = (Ext [I TOD = (FLL) 


Thus, from £e. d 


a (P) esa 


so that, 
- VoM 2 1 n 
a UD HE = FE 
and 
2 
(POF - Y 
Hence, 
Vo [E 
a. fe _ 
ge RES = Lite 


*4.46 A fluid flows past a circular cylinder of radius a with an 
upstream speed of V, as shown in Fig. P4.46. A more advanced the- 
ory indicates that if viscous effects are negligible, the velocity of the 
fluid along the surface of the cylinder is given by V = 2V sin 6, 
Determine the streamline and normal components of acceleration 
on the surface of the cylinder as a function of Vo, a, and 0 and plot 
graphs of a, and a, for 0 x 0 x 90° with V, = 10 m/s and 
a = 0.01, 0.10, 1.0, and 10.0 m. 








V | 

A 
PNR -ee d | 
a 


BFIGURE P4.46 


v^ (2 Yo sin 0)” .. MET cin? 
dn = R a E n 
any V V 980 oV 
Qs = Vie - V $T , where 38 ^ 2 Vo cos 0 and s-4q0 
Or 22. es uL. 
Thus, um a 
a, = (2V, sind) (2% cos@)q =g SING cos® 


These results with V,=lo2 and 
are plotted below. 


a=0.001ma=0.10ma=1.0m a=10m 


Q=0. 0| , 0.10, 4. 0, and 100m 


a=010ma=0.10mMa=1.0m a-210m 


an fs’ a, ft/s? a, ft/s? a, ft/s? 
0 0 0 0.00 
304 30 3 0.30 
1206 121 12 1.21 
2679 268 27 2.68 
4679 468 47 4.68 
7144 714 71 7.14 
10000 1000 100 10.00 
13160 1316 132 13.16 
16527 1653 165 16.59 
20000 2000 200 20.00 
23473 2347 235 23.47 
26840 2684 268 26.84 
30000 3000 300 30.00 
32856 3286 329 32.86 
35321 $532 353 35,52 
37321 3732 373 37.32 
38794 3879 388 38.79 
39696 3970 397 39.70 
40000 4000 400 40.00 


Ə, deg — a,ft/s?^ a, ft/s?  asfts? as, fts? 
0 0 0 0 0.00 
5 3473 347 35 3.47 
10 6840 684 68 6.84 
15 10000 1000 100 10.00 
20 12856 1286 129 12.86 
25 15321 1532 153 15.32 
30 17321 1732 173 17.92 
35 18794 1879 188 18.79 
40 19696 1970 197 19.70 
45 20000 2000 200 ` 20.00 
50 19696 1970 197 19.70 
55 18794 1879 188 18.79 
60 17321 1732 178 17.32 
65 15321 1532 153 15.32 
70 12856 1286 129 12.86 
75 10000 1000 100 10.00 
80 6840 684 68 6.84 
85 3473 347 35 3.47 
90 0 0 0 0.00 

(con't) 


4 ~ + 


"E96 Coon) 


100000. ax sa eee 
USD geh de ce; en] RET Te 
ves emi iudi FED (PE: 


a = 0.01m 
|—— —a=0.10m 











10000 4 


1 zat 





100 






















10 LMU 
HEE 


0 50 100 
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4.47 . Determine the x and y components of 
acceleration for the flow given in Problem 4.4]. If 
c > 0, is the particle at point x = xy > 0 and 
y = O accelerating or decelerating? Explain. 
Repeat if x, < 0. 


Since u- CCX -y*) and v=-2cxy it follows that 
Q7 of id P mi 


q, 7 $2 tust v% y= = C(x*-y*)(2ex) +(-2cxy )(-2cy) 


or 


Oy, = 20°X(x" +y?) 


and 
ay= iF * U yy $e tv Vy = c(x^- y2)(-2cy)*C2exy)C2cx) 


or 
dy = 2c*y(x*+y?) 


For X2X, and y=O we obtain’ 
u-CX; , v=O 
and 
d= acne. j ay =O 
Thus, with C20 and x,»0 ft follows that U9, 9,70; Ze, the 
fluid is accelerating. 
With C>0 and X,«0 it follows that u 70, a<9; 28, the 


fluid is decelerating. 
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4.48 When flood gates in a channel are opened, water flows 
along the channel downstream of the gates with an increasing 
speed given by V = 4(1 + O.Ir) ft/s, forO s ¢ < 20s, wheres 
is in seconds. For ! 2 20s the speed is a constant V = 12 ft/s. 
Consider a location in the curved channel where the radius of 
curvature of the streamlines is 50 ft. For £ = 10s determine 
(a) the component of acceleration along the streamline, (b) the 
component of acceleration normal to the streamline, and (c) 
the net acceleration (magnitude and direction). Repeat for 
t= 30s. 


V= (140.4) fl/s for 020«20« and V=12 ft/s fø t 7208 
= vie + ay where Wo 


Thus, y^ 
Q. = of and an = 3g , where R=SOff 
(1) For t =/0s' 
(a) sW- 4 (0.1) =O. out 
(b) Ex = V*/R = [#(140.1(10)) fs? jimi = 128 ffl? 
and 


(c) a «(ag tat) A o*&) laef) T diu 





(2) For t 2 30s: 
(a) — m 12 Fl = constant H- =0 and N <0 so that 
VX 2o 
Es 
ne an =V aE = (I2 Hs) /(50fl) = 2.88%, 
and 


4 
(c) a= (ag +a?) d, = 2.98 H 


ti 





2, 
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^ fem. 


y = ae 
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EN kay t MAU 
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4.4.4 Water flows steadily through the funnel shown in Fig. 
P4.44, Throughout most of the funnel the flow is approximately 
radial (along rays from O) with a velocity of V = c/r?, where 
r is the radial coordinate and c is a constant. If the velocity is 
0.4 m/s when r — 0.1 m, determine the acceleration at points 
A and B. 


FIGURE P4.44 1 


2 
a=a,n+a,§, where d, 7 35 =0 since R=% (i.e, the streamlines 
3V are straight 
Also, a; =V5s =-y 2 , where V 7 


Since V2 0.42 when r=0.lm it follows that — 









3 
a= Vp" =(0.42)(0.1m)° = *xjo7? , r y= & , where r~m 
Thus . 
me 2c 2C 
ds (ra) 3) = rs 
oint A: 0.12m 
Ai pn (4x10 FY _ 349m 
Qs 7 (0. TE sz Ol m 
n 
At point B: , 
-3 m3.2 N at 2 


dii (0.1147 m^ = O. /1167m 
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4.50 Water flows through the slit at the bottom of a two- 
dimensional water trough as shown in Fig. P4.50, Throughout 
most of the trough the flow is approximately radial (along rays 
from O) with a velocity of V = c/r, where r is the radial co- 
ordinate and c is a constant. If the velocity is 0.04 m/s when 
r = Q.] m, determine the acceleration at points A and B. 


v? 
, Where ap? R 


a= Ayn nt+a$ _ 
òV 
Also, q; = Vis =-V or, where M 
Since V= O. oy% when F= Olm it fo lows that 
c = Vr = (0.04%)(0.lm) = eum am V- hus 
Thos, 
c WC. c* 
as~ -(% X p) “a 
At point A: " 
P (xi 3)” _ 3./3 x/9 5 4 
2 (0.8m) S 
At int B E 1 
P 4X0 s). T -3 m 
ds (0.2.m)? O X /0 si 
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FIGURE 





P4.50 


O since R=% (e. the streamlines 
are " straight) 


m j where rem 
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4.5! Air flows from a pipe into the region 
between two parallel circular disks as shown in 
Fig. P4.S!. The fluid velocity in the gap between 
the disks is closely approximated by V = V,R’/r, 
where R is the radius of the disk, r is the radial 
coordinate, and V,is the fluid velocity at the edge 
of the disk. Determine the acceleration for r — 
l2. or. $ftil V= 5 ft/s.and. R = 9 fi. 


— A V? 1 | 
=a, +a, , where q=y =O since X799 (ie the streamlines 
Mii. i> ui. VR are “straight 


Also, a, = y = y% , where V= Yk 
mr 25d and R=3ft , Y= = g , where r ^ fl 





FIGURE P4.51 








a, = (“e8)(- VR) _ VER (si D La Ag e ft hod 


hon q, = -225 $ 


Ai rz2fl, a= - 29,1 € 


Atr=3ft, a= -8.33f 
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4.52 Air flows into a pipe from the region between a circular 
disk and a cone as shown in Fig. P4. 52. The fluid velocity in the 
gap between the disk and the cone 1s closely approximated by 
V = V,R?/r?, where R is the radius of the disk, r is the radial 
coordinate, and V, is the fluid velocity at the edge of the disk. 
Determine the acceleration for r = 0.5 and 2 ft if V, = 5 ft/s 
and R = 2ft. 





HB FIGURE P4.52 


2 
— ay = + =O since R= (i.e. the streamlines 
are Sirajght) 


Also, q. = jx = -y K since F ands are pointed in opposite Vinecht ons. 


Thus, with V= V, Rr? i follows that 

a. = -(W F'/r*)(- 2M, R) = 2, i4 

2(5f) (28) /r* = 800/r* where r^ f] 
Afir = 0.5 ft o M p00 fo.s)* £, = 2 5 400 f 


Atr=2ti l, = 00/(2.0) ft -25H 


S* ae 3 
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4. S3 


4.53 Air flows steadily through a long pipe with a speed of 


u 
u 


= 50 + 0.5x, where xis the distance along the pipe in feet, and 
is in fUs. Due to heat transfer into the pipe, the air temperature, 7, 


within the pipe is T = 300 + 10x °F. Determine the rate of change 
of the temperature of air particles as they flow past the section at 


x 


D 
D 


= ft. 


T LT ja 
T dT à d bac 


ay ^3» "ax My trs , 


t dt 
“= 50 OSX, =O A =O and 
T = 300+/0x 


Th Vs, 


* 
D eo tui +0 +0 

oF 
= (50+0.5x) (10) = 500 *5X "5^ where X~ ff 


Hence, al X=5 fl 


DT . L dot 
ji 7 $00 +5(5)= $25 — 
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ux. 
4.54 A company produces a perishable product in a factory 
located at x = 0 and sells the product along the distribution route 
x > 0. The selling price of the product, P, is a function of the 
lenght of time after it was produced, ¢, and the location at which it 
is sold, x. That is, P = P(x, t). At a given location the price of the 
product decreases in time (it is perishable) according to dP/dt = —8 
dollars/hr. In addition, because of shipping costs the price increases 
with distance from the factory according to dP/dx = 0.2 dollars/mi. 
If the manufacturer wishes to sell the product for the same 100-dollar 


price anywhere along the distribution route, determine how fast he 
must travel along the rout. 


4 E wd 
oF + wax where 


di J 
aP _ _ ọ dollars oP . dollars 
jb — g I and = 0.2 e 


But, P =100 dollars anywhere, 5o That »M = 


9781 (-8 dollars/hr) 


mi 
a Mx (0,2 dollars/m’) hr 
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4,55 Assume the temperature of the exhaust 
in an exhaust pipe can be approximated by T = 
T(1 + ae*9)[1 + c cos(wr)}, where 7T, = 
100 °C, a = 3, 6 = 0.03 m*', c = 0.05, and œw 
= 100 rad/s. If the exhaust speed is a constant 3 
m/s, determine the time rate of change of temp- 
erature of the fluid particles at x = 0 and x = 
4 m when t = 0. 


Since u- 8 $ ,v7O , and w=0 il follows that 


DE _ 07 yT. _ oT AT AT. x ÒT 
Thos, 

DI -T (1*a&")(-c w sintvt)*u T (1*6 costot)(-ab & ^") 
When 1-0: 

DT = --abuL(l*c)e i or wilh lhe given data, 

or. -(3) (0.03 z;)(3 1 )(100 ^C)(140.05) e as 


ic h 
LI 
= » where X~In 


Thus, H =-28.4 © at x= -0, t=0 
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4S 6 | 4.56 A bicyclist leaves from her home at 9 A.M. and rides to a 
beach 40 mi away. Because of a breeze off the ocean, the tem- 
perature at the beach remains 60 °F throughout the day. At the 
cyclist's home the temperature increases linearly with time, go- 
ing from 60 °F at 9 A.M. to 80?F by 1 P.M. The temperature is 
assumed to vary linearly as a function of position between the 
cyclist’s home and the beach. Determine the rate of change of 
temperature observed by the cyclist for the following condi- 
tions: (a) as she pedals 10 mph through a town 10 mi from her 
home at 10 A.M.; (b) as she eats lunch at a rest stop 30 mi from 
her home at noon; (c) as she arrives enthusiastically at the beach 
at ] P.M.. pedaling 20 mph. 80 


From the given data the temperature, T, z 

varies as a function of location, x, and 

time, t as shown in the figure: 
T py at 

Thus, DI z e tus 

(a) At X=/0mi and t= 10am, 

òl . (75°-60) | jg v 

Files y ^ 

and 


ME. ( 60'- £5?) =- 4o . 
ox — Homi g/m 


Thus, with w=/omShe, diio 








X,mi 

DT = D hr a (-2 mi) 

= 2.5 Yhr 

aT _ (65-6) _ 50 

(b) At noon wrth k=O (resting) and gt = 4 hr AE. /hr 

D7 -H +y = of =% Shr = 1.25 hr 

: B T J dT (60-980) 
(c) Upon arival at the beach with = 20nph , F =0, and jx 77 Jom; — 
--0,.5 27^ 
DT T; dT pòt ~ 5pm a OU E | 
D ^P Ux = Mx = 202% (-0.5 ni) = -/0/hr 


ier 
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4,57 The temperature distribution in a fluid is given by T = 
10x + Sy, where x and y are the horizontal and vertical coor- 
dinates in meters and 7 is in degrees centigrade. Determine the 
time rate of change of temperature of a fluid particle traveling 
(a) horizontally with u = 20 m/s, v = 0 or (b) vertically with 
u = 0, v = 20 m/s. 


T l ,,2T Um IT 
DF S +lsy +V Gy , where $f =0 

rA "CY. ‘GC 
Thus, if U=202 and v=0, then OF - ud - (20%)(10-) = 200 + 


and E "TTE 
jf u=0 and v7 208, Then a = vit = (208 Sm) 7/00 3 
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4.59 The wind blows through the front door of a house with a speed 
of 2 m/s and exits with a speed of 1 m/s through two windows on 
the back of the house. Consider the system of interest for this flow 
to be the air within the house at time t = 0. Draw a simple sketch 
of the house and show an appropriate control volume for this flow. 
On the sketch, show the position of the system at time t = 1 s. 


Since the air enters al 2 m/s and leaves al m/s, the air 
al the entrance and ex has moved £=\,dt<2m/s (/3) 2m 
and £, «V. dt 7 [m/s (Is) * | m, respectively. The control 
volume, which coincides with the system at 1-0, and the 
system at t=ls are chown below. 






T. "aam 


LI 
— 
—=== =~" 


! 

Barh & ihe larry Covered I 
Porch | 
t 





4j n — 


- Pa wo"  (. ub am o  - ws - WW p = ot 


$ BN b MER 
! ^, j 
— — — control Ve[ume and Ovt Tow 
SYSTEM at 1-0 


pé ---- -2-1 SYSTEM at t= 5¢=/s 


fe 5g 
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4.60 Water flows through a duct of square cross section as 
shown in Fig. P4.60 with a constant. uniform velocity of V — 
20 m/s. Consider fluid particles that lie along line A— at time 
t = 0. Determine the position of these particles, denoted by line 
A' -B', when t! = 0.20 s. Use the volume of fluid in the region 
between lines A~B and A' —J' to determine the flowrate in the 
duct. Repeat the problem for fluid particles originally along line A A C C’ E F’ 
C-D; along line E-F. Compare your three answers. FIGURE P4.50 





Since V is constant in time and space, all particles on line AB 
move a distance y's V at =(20-2) (02s) = Hm trom t=0 Jo f= O25 
Thus, the volume of A8A'B' js T (0.5m (**m) 21.00 m? 


so that P 
Q= VaBA'g’ . 00m _ zom? 
~ al 025  ). S 


Similarly from t=0 tot=0.2s the fluid along Ines CD and EF 


move to C D' and EF respectively. Also, Ye 92%! = Vo pp'p’ = anah 


so that we obtain Q= E = 5.02 regardless which line we consider. 


4.61 Repeat Problem 4.60 if the velocity profile is linear from 0 to 
20 m/s across the duct as shown in Fig. P4.61. 


FIGURE P4.6! 


From 1-0 to 1-0.1 s. the particle initially at B travels a distance 
bn = Vo at =(20%)(0.1s)=2m as show, Particle A remain fixed since 


Va=0, Since the velocity profile is linear, line AB remains straight, but 
"ills" qs indicated. Thus, the volume of fluid crossing the initial line 
AB is oops = Z hgh =H (2m)(0.5mY -0.25m? so that 

5 3 


1 O,2 m 3 F 
Q = OL 22,54 Since Y. 


A 0.15 CDD ~ Keppt = Vana" if 


follows that the same valve of Q is obtained regardless which volume 
is used. 








4.62 Inthe region just downstream of a sluice gate, the wa- a | cul Vy = 3 ft/s—| 
ter may develop a reverse flow region as is indicated in (237. 
Fig. P4. 62 and Video Vi0.@ The velocity profile is assumed to ia (Red. 








consist of two uniform regions, one with velocity V, — 10 fps | n 
and the other with V, = 3 fps. Determine the net verte of | S T repetita 3 
water across the portion of the control surface at section (2) if $ Lz Nes T al Le a 7 BUR mta Aa LARES Ad 
Z2 SRO? 
the channel ts 20 ft wide. (1) (2) 


| V, = 10 fts 
FIGURE P4.62 


(10 €) (1.2 H)(0fl) - (3 E)(L88) 20fl) 
LS g 


M 


Q = V. A, 7 Vs A, 


4,63 ]|4.63 At timet = 0 the valve on an initially — as p = p.(1 — e^"), where b is a constant, de- 


empty (perfect vacuum, p = 0) tank is opened termine the time rate of change of mass within 
and air rushes in. If the tank has a volume of a the tank. 


and the density of air within the tank increases 


For i20 , Fe a » so that M = mass of air in tank 


5 Y= o Yo 7 = 
Thus, cil Leu a d eA | l 
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4.65 Water enters the bend of a river with the uniform veloc- 
ity profile shown in Fig. P4.65,At the end of the bend there is 
a region of separation or reverse flow. The fixed control vol- 
ume ABCD coincides with the system at time : = 0. Make a 
sketch to indicate (a) the system at time tf = 5 s and (b) the 
fluid that has entered and exited the control volume in that 
time period. 





"FIGURE P4.65 


Since the distance the fluid travels in time 5t=5s is L=Vdt the tlud 
at A-B when t=0 has traveled P «([mis) 53) «5m. when t=dt< Ss. This 
is shown in the figure below. Similarly, the fluid across C-D at t=0 has 
moved as indicated when t= d4t=Ss. Thus ihe boundary at the System 
al £=5 are as show in the figure below. The fluid that entered and 
exited the control volume in that time period is also shown, 








Fluid that has 
entered 
control 
yolume 
"6, 
LM. 
— — — control volume and = Fluid that has 
system al t=0 Fluid +h iv ane conirol 
] vid tha volume 
ciate system at (755 entered contre 
Volume 
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4.66 A layer of oil flows down a vertical plate as shown in 
Fig. P4..66 with a velocity of V = (Vo/h?) (2hx — 27) where 
V, and h are constants. (a) Show that the fluid sticks to the plate 
and that the shear stress at the edge of the layer (x = A) is zero. 
(b) Determine the flowrate across surface AB. Assume the width 
of the plate is b. (Note: The velocity profile for laminar flow 
in a pipe has a similar shape. See Video VG./3) 





a) Ww 7-2 Bs (2 hx - -x* 
Thus,” 
v | rons -0 and 
X-0 
Ti =m eee t -2x| -0 


X=h 
Hence, the fluid sticks to the plate and there is no shear 


stress al the free surface. 


x=h h 
b) Qa = (ar dA = {arbde = (Me (ahx-x*)b de 
Xz0O O 
Or h 
Qap = Yb hxt-tx°| = $Vhb 


D 
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4.67 


j 
2 


4.67 Water flows in the branching pipe shown 
in Fig. P4.67 with uniform velocity at each inlet 
and outlet. The fixed control volume indicated 
coincides with the system at time ¢ = 20 s. Make 
asketch to indicate (a) the boundary of the system 
at time / — 20.1 s, (b) the fluid that left the control 
volume during that 0.1-s interval, and (c) the fluid 
that entered the control volume during that time 
interval. 





— — — Control volume Vo = lins 


FIGURE P4.67 
Since Vis constant , the fluid travels a distance Z= Vat in 
time at. Thus, £= V at = (2-$)(201-20)s = 0.2m 
L= Vaat = (1 @) (20.1 -20)s = Olm 
and £,= Vaat = (2.52)(201-20)s = 0.25m 
The system al 1=20./s and the fluid that has entered or 
exited the control volume are indicated in the Figure below 


(1) 


flow into control vol. 
Al 

(|J 

i 





— — — control volume 
D m system a} £= 20.1 s 


~ 9 
N. 7)» (2) 
flow into control vol. 
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4.68 Two plates are pulled in opposite direc- 4 
tions with speeds of 1.0 ft/s as shown in Fig. y et 0.2 ft—+| 
P4.68. The oil between the plates moves with a 


velocity given by V = 10 yi ft/s, where y is in 


feet. The fixed control volume ABCD coincides 
with the system at time ¢ = 0. Make a sketch to 


indicate (a) the system at time ¢ = 0.2 s and (b) 
the fluid that has entered and exited the control 
volume in that time period. 





FIGURE P4.68 


Since V-uty)£ = lo y € il follows that the fluid flows in the 
x-direction a distance of ax = U at = /oy (0.2) ff = 2y fff 
from £70 lo t=0.2s. The lines A-B and C-D (the ends of 
the original system location) deform into lines A-8 and C* D'as 
shown in the figure below. The portions of the system that have 
entered and extted the control volume during this time are 


indicated, 


flow into control vol wr 
flow out of control vol, M 





q^ yn D' 


poe a contro! volyme 


_.--------- system at t=0.2 s$ 
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4.69 Water is squirted from a syringe with a speed of V = 


5 m/s by pushing in the plunger with a speed of V, = fi i ie i 


0.03 m/s as shown in Fig. P4.69. The surface of the deforming 
control volume consists of the sides and end of the cylinder and 
the end of the plunger. The system consists of the water in the 
syringe at ; = 0 when the plunger is at section (1) as shown. 


Make a sketch to indicate the control surface and the system 
whens = 0.5 s. 





FIGURE P4.54 


T —V = 5 mis 


During thet =0.5s time interval the plunger moves B= Vp «t =0.015m 


and the water initially at the exit moves L,- Vát =2.5m. The 


corresponding control surtaces and systems at t=0 and t=0.5s 
shown in the figure below. 


ae c —— 


MC UN 
|: . f > ees 
È w vi dm M. 3 EUM 325 ** v : ~ - 
PNG AY S, 
MEN T-—— RH N^ ae 
0.065m 
0.08m 
— — — contro! volume at 1z0.5.s 
De ce 4 system al #=0.5S 
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4.70 Water enters a 5-ft-wide, 1-ft-deep channel as shown 

in Fig. P4.70. Across the inlet the water velocity is 6 ft/s in 

the center portion of the channel and | ft/s in the remainder 

of it. Farther downstream the water flows at a uniform 2 ft/s 
velocity across the entire channel. The fixed control volume 
ABCD coincides with the system at time = 0. Make a sketch £ fs 
to indicate (a) the system at time ¢ = 0.5 s and (b) the fluid 

that has entered and exited the control volume in that time 
period. 





see — e Control surface 


& FIGURE P4.70 


During the (9.55 time inlerval the tlvid that was along 
line BC at time t=0 has moved to he right a distance 
=V t= 2 f! (oss) = [fl Similarly, portions of the 
fluid along tine AD have moved £= | £ (0,55) = 0S 
and h= 6 ££ (0.55) - 314, This assumes the 1Ë and 
6£ flwd streams do nol mix or ntermingle during the 
05s time interval. See figure below. 


A ^ — se Oe _ 6 8 
n [i 
| EN. ag. Ba JE 
fluid tht Tri er 
entered a SRL s [o Puid that 
Pn EAS M bg <T exiled control 
o|ymte E I 
y NA M oe Volvme 
NENNEN EX 
boa c IUe c € 
— — — fixed control volume 
M system af 170.55 
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A D 
4.71 Water flows through the 2-m-wide rectangular channel ———— 
shown in Fig. P474 with a uniform velocity of 3 m/s. (a) Di- 
rectly integrate Eq. 4.16 with b = | to determine the mass 
flowrate (kg/s) across section CD of the control volume. 
(b) Repeat part(a) with b = 1/p, where p is the density. Explain 
the physical interpretation of the answer to part (b). 





Suecus Control surface 


NH FIGURE P4.7 


3 By si ob VA dA PA 





CSoyj f V 
9 ^ 
Wilh b=/ and Vh =V cos8 this becomes F n 
B = SOV cos dA ens | dA á 
zpl/cas 8 A. " where A = £ (2m) be 0 
T. (2m) 
T ) m? 


Th Vs, with V-3^/s, 


B = (32%) cos8 (zs m^ (94 4 "s ) = 3000 12 


b) With b= Yo £y. (I) becomes 
By - ada * (Vari dA = Veo A, 


CD E 
=(3#) cose (ss) = 3,00 £ 
With b= Vb = rau = aes if follws that “B  volome” 


(ie, b= Gea) so Mal { Vida = B uj represents the Volpe 
flowrate (mYs) from the control volume. 
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472 


4,72 
velocity profile as shown in Fig, P4.72.Use Eq. 4.16 with the 


parameter b equal to the velocity to determine the momentum 
flowrate across the vertical surface A-8, which is of unit depth 


into the paper. 


15 ft/s 


The wind blows across a field with an approximate 





y 
m FIGURE P4.72 
_ y=20f} 
hs ^ ob V-n dA = le VAdA = e (va) vo P | (IH) dy 
Ag 
26 AG y=0 
= pe V" dy 
But, y= /2 y fi for Osy slüfl(ze., V=Oaty=0. V= is E al ys Jo) 
and Te for y 810 ff 
Thus, " 





| 


B, - eff ((& Ey. dy * fusa] = pî sas Y |a 225 y 


/ 4 
= 0,00238 es |750 H +2250 d ]t 


slug ft 
s^ 


0 


mA = 7/41 lb 
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5.5 Water enters a cylindrical tank through two pipes at rates of 
250 and 100 gal/min (see Fig. P5.5). If the level of the water in the 
tank remains constant, calculate the average velocity of the flow 
leaving the tank through an 8-in. inside-diameter pipe. 


Contre! volume 
P TA 


—— o —— 






Ta pe 


; Qi = 
Section (2) LÀ 100 gal/min 
Q> = 
250 gal/min a Section (3) 
=> (= A.V. 
Q7 ^33 


~ 


— = 
58 FIGURE P6.6 





| / 
For steady and im compressible flow through the contel volume shown 
As = Q, + Q, 


Or 


7 = p(@t%)= p ara) 
4 


“3 
a ai 3 ((120 gpm + 250 gpm) (23! Zs ra. Ye | 
WCB in.) gal 460 Z A12 n. 
4 "un — gy 
U x» Sees 4 
47 === $ 








5.6 Water flows out through a set of thin, closely spaced blades as 
shown in Fig. 5.6 with a speed of V = 10 ft/s around the entire cir- 


cumference of the outlet. Determine the mass flowrate through the 
inlet pipe. 








~ “ 


JEJ GUR E P5.6 


Use the contre! volame contained within The broker, 
lines Shown in the sketch above . 


Frm the conservahon of mass principle 


P deg = uh let 
Also 


eA V cos 60° 


"m nt let dulje t oute} 


Outlet Outlet 


= (1-44 2-3 am (e 6FtY0.1 #1)(10 ft yes 60° 


ft 


-peFr LV Cos 60 
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8.7 The pump shown in Fig. P5.7 produces a steady flow of 10 
gal/s through the nozzle. Determine the nozzle exit diameter, D3, 
if the exit velocity is to be V4 — 100 ft/s. 





BFIGURE P5.7 


F Flow Q = -10 2! (231 i6 ( 183) = 33 7 £P 
or steady OW Q - Q,. where Q, =10 S (2 ! Jal J Uses oM Ts 


Thvs, with Vo = 1008 
3 
1337 = A, V, = FD (1008 


or 
D, = 0,130 ft= 1.57 in. 
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5.8 Water flows into a sink as shown in Video V5.1 and Fig. P5.8 
at a rate of 2 gallons per minute. Determine the average velocity 
through each of the three 0.4-in.-diameter overflow holes if 
the drain is closed and the water level in the sink remains 
constant. 





AEG 
wii tales 


Three 0.4-in. diameter 
overflow holes 


BFIGURE P6.86 


Q,=@, for the control volume indicated, 


where Ls | 

» d min 
Q 7 27 sos ) 7.48 T 
This 


Q £ 
Q7. Wu or Y= —— = se OOF S NR : = 


3 
= 0.00444 ft 


= 


8.9 The wind blows through a 7 ft X 10 ft garage door opening 
with a speed of 5 ft/s as shown m Fig. P5.9. Determine the average 
speed, V, of the air through the two 3 ft X 4 ft openings in the win- 
dows. 


For steady I COPA press ble tlow 


Q gavage Ao abe P © Gate 
door 
or A Y = A ; V + 4 
Farage novwal To Window 


door 


So the avewnge speed , V, of the air 


gavage deor 


V 


2 A us loa 








5.10 The human circulatory system consists of a complex branch- 
ing pipe network ranging in diameter from the aorta (largest) to the 
capillaries (smallest). The average radii and the number of these 
vessels is shown in the table below. Does the average blood veloc- 
ity increase, decrease, or remain constant as it travels from the aorta 














to the capillaries? 
Vessel Average Radius, Number 
Aorta 12.5 ] 
Arteries 2.0 159 
Arterioles 0.03 1.4 X 10’ 
Capillaries 0.006 3.9 x 10? 











y 





pA 
p^N | 
where p is blood density, A 
and N +5 number of vessels. 
ve PN) 


and since te pin product becomes 
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V = 














Agarage Vaxmal to garage deor 3 Cz £t) (70 Ft) 
m z(8ft)(7 ft ) 


la ger, the average velocity becomes smalkr. 





}+—_—_____—22 tussu 
BFIGQURE P5.9 


V 


window 


through the two windows 13 


(5 tf ) sinad? - 4, £1 


| r?N, mm^ 


1/56 
636 
12,600 
10,400 


The average blood velocity, V, is relaled +o the blood mass flaw, m, 


^g vessel cross sechon area (T 7.) 
So Je constant m amd Q, 


§.11 Air flows steadily between two cross sections in a long, 
Straight section of 0.1-m inside diameter pipe. The static tempera- 
ture and pressure at each section are indicated in Fig. P5.11. If the Section (1) 





. : : : : Secti 
average air velocity at section (1) is 205 m/s, determine the average 77 ection (2) 
air velocity at section (2) E e AE NIBH P2 = 45 kPa (abs) 
; T, = 268 K T> = 240 K 


r 


.BFIGURE P6: 


[his analysis 1s similar To the one Of Example 5.2. 
For steady flow between sections (/) and (Z ) 


ia. = ei, 
or 7 a 
AV = A Vv 
2 2 A / of 
Thus 
V= AAT í 
2 ^. 


Assuming nad under the conditions Of this problem, air 
behaves as 4n ideal gas we use the ideal gas 
equation of’ stale ( Eg. /8) 7$ get 


fee hh (2) 
QR BT 
Combining EFs. 1 and 2 and observing frat A, =A, 
we get 
v. A A V, _ L7? kalas) AtOK) (205 m) 
7 P, i, [75 h Pa (abs C268 x 5 
V= BIH m 
2 S 


$m 


5.12 A hydraulic jump (see Video V 10.10) is in place downstream 
from a spillway as indicated in Fig. P5.12. Upstream of the jump, 
the depth of the stream is 0.6 ft and the average stream velocity is 
18 ft/s. Just downstream of the jump, the average stream velocity is 
3.4 ft/s. Calculate the depth of the stream, h, just downstream of 


the jump. 


de t 4 iy sss 

uU LI £ : —Zr — 
m eTa ET ARTAR e QUTPER "fo 3 

Amar Yee ss ot EDU RR IR yl? 





WB FIGURE P5.12 


For steady 1n compressible tlw between sections (1 )and(2) 
Q, B Q, 


7A = VA, 


h,= Vh. . (/8 aisen = 3,/8 fi 
V, (3.4 2) == 


Wet air 
m = 156,900 Ibrvhr 


5.15 An evaporative cooling tower (see Fig. P5.13) is used to cool | 


water from 110 to 80°F. Water enters the tower at a rate of 

250,000 Ibm/hr. Dry air (no water vapor) flows into the tower at a | 
rate of 151,000 Ibm/hr. If the rate of wet air flow out of the tower | , Warm weter —»- 
is 156,900 Ibm/hr, determine the rate of water evaporation in | ™ = 250,000 Ibm/nr 
Ibm/hr and the rate of cooled water flow in Ibm/hr. | 


Ory air — ——» 
m = 151.000 Ibm/hr 


E 
For steady flow of dry ar "FIGURE P513 

^ = m (1) 
m. ui 2, dry air 


For steady flow of water 


fi - 2 (2) 
m, a water 4 
Also 
. È e E m 
" Ts dry dir 2, Water (3) 


Combining Eqs. |! and 3 we get 


= m —- m. = rate of water evaporation 
P) water 2 3 
m - 1/56 900 o . 151, 0 B 4 = 
2, water á ^s p 


From Eg. Zz We. get 


= m- m = rate of cooled water Fow 
a " / 2, water 
or Ibe, 
, 250 000 lon _ 5900 lom - 244 000 —— 
m, 7 4 hr hr Ar 





Cooled 
water 


5.14 At cruise conditions, air flows into a jet engine at a steady 
rate of 65 lbm/s. Fuel enters the engine ata steady rate of 0.60 Ibm/s. 
The average velocity of the exhaust gases is 1500 ft/s relative to the 
engine. If the engine exhaust effective cross-sectional area is 
3.5 ft", estimate the density of the exhaust gases in Ibm/ft*. 


for steady Flow 
H -miu4lWh 
3 / e 


Or u l 
e A, V = P, F me 
u mtn, E 65 
i - = 
A, V. 





Volume, 


Ibn p O60 Mn 
S z 


(3,5 f+*) (1500 £ ) 
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5.15 Water at 0.1 m"/s and alcohol (SG=0.8) at 0.3 m?/s are mixed 
in a y-duct as shown in Fig. 5.15. What is the "avena density of the 
mixture of alcohol and water? 


Alcohol (SG = 0.8) 
Q = 0.3 m/s 


BFIGURE P5.15 


For stes tlow 
m + m, -m 
Or 


ha, + 2€, "4G, 


Also, since the wafer and alcoho! may be considered 


[r compre S54 ble 


Q + @,= R 

Combining Egs. | and 2 we get 
2a, + 42Q,* £(A, +8 

Or 2Q + ^ Q, 
5 Qo 


d 
an oa, + SG, Q) 
Q +Q, 


aN 


p . (ett for g atheros = ZB gu? P3 > 
037 BELL 


m? 
Of = + Fa 
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5.16 Freshwater flows steadily into an open 
55-gal drum initially filled with seawater. The 
freshwater mixes thoroughly with the seawater 
and the mixture overflows out of the drum. If the 
freshwater flowrate is 10 gal/min, estimate the 
time in seconds required to decrease the differ- 
ence between the density of the mixture and the 
density of fresh water by 50%. 


A fixed, non- de formuna control volume that contams the 


water mixture m the 55-94/ drum js used. Fresh water 


with density, f, and volume 
The mixture is assumed to be homogeneous 
throughout the contro! yolume and leaves the control volume 
with density, 2 , and volume flowvate, @2 . Application 


of the conservation of mass eguation (&. 5.5) fo the 
How through this Control volume yields 


d = = (14 
aJe i 7s @, A e " 


Since the fluids wvolved are sncompressible, Q, = Q7 Q. 


enters fhe control volume 
flowrate, Q, - 


Also. the volume of he Cont! volume is constant: Thus 
Eg. I leads to 


V do, ) 7 A Q = Q 
dt j 
or 
alh) , ke -2 (2) 
a A Y Vey 
Ihe solution of e 2 is 
A = Č ate + LO (3) 
^ hugs, 
Slugs 3 
AU fw, L^ = Seawate - Vida n /.026 





ose Am fe ur ( 4 24 FIY? ) 


516 T (cone) 


Then for 
Ar 7p as £7 xu) 
where 


^ s Fima) mixture density 


Q. = initial mixture density 


2% — ab f 4 ) 
= a + 7 = 5/1026 +ı1! |= 4013 
£ FA /' ) 


Substituting fhis value Miri I givens tnfe £4. 3 we get 
= almia 
Se ga na) 


1.013 = 0.026 € + 1.0 


and 
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5.17 


5.17 A water jet pump (see Fig. P5.17) involves a jet cross-sectional 
area of 0.01 m^, and a jet velocity of 30 m/s. The jet is surrounded by 
entrained water. The total cross-sectional area associated with the 
jet and entrained streams is 0.075 m?. These two fluid streams leave 
the pump thoroughly mixed with an average velocity of 6 m/s 
through a cross-sectional area of 0.075 m?. Determine the pumping 
rate (i.e., the entrained fluid flowrate) involved in liters/s. 
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BFIGURE PS.17 


For steady in compressible flow through the contro! Volume 
Q,*Q,-Q, 


Or 


a. = V,A,- VA, - [6 @)(0,075 r) - (30 m yo 01) foo 


gS 
N 
| 
a 
O 
ba 
d 
M^ 
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5.18 


5.18 Two rivers merge to form a larger river as shown in 
Fig. P5.18. Ata location downstream from the junction (before the 
two streams completely merge), the nonuniform velocity profile is 
as shown and the depth is 6 ft. Determine the value of V. 





B FIGURE P5.18 


Use the cmtol volume shown withm broken lines 
| the sketch above. We nok that m=ofiy and 


trom the comservahon of mass Princ; ple we. 
Get 


hus 
PAY, dai D PA aa idd 


V= AY FAK opment eni) 


A CO2) 4 A (eo Noteyo.8)+ (vw fee A) 


0.9 i 


and 





_—_ 
— 


Uu œ 2.43 TE 
S 


5.19 Various types of attachments can be used with the shop vac , 
shown in Video V5.2. Two such attachments are shown in Fig. P5.19 
— a nozzle and a brush. The flowrate is 1 ft/s. (a) Determine the 
average velocity through the nozzle entrance, V... (b) Assume the air 


enters the brush attachment in a radial direction all around the brush | 1 
with a velocity profile that varies linearly from 0 to V, along the length 
of the bristles as shown in the figure. Determine the value of V,. 


TER EE ANS ed 
b ‘ 







vemm B — odd pn 


A NGA dA. 


3 
(a) Q, = ( where Q,- / H 








T hus. 3 
AM =Q, or V5 ara 2 
" m m) 
V, -4sei 





(b) Q; = = Oy where Q, = j£ " Q= 
V = average velocity at (3) = = V, he 


A, where 


A; = 7 D; hz 

TAVS, - 
AEDE H)| =/ S or 

Vy, = 20. «E | 
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5.29 An appropriate turbulent pipe flow velocity profile is 


p= l/a A 
v-«( R r) i 


where u, = centerline velocity, r = local radius, R = pipe radius, 
andi = unit vector along pipe centerline. Determine the ratio of av- 
erage velocity, t, to centerline velocity, u,, for (a)n = 4, (b) n = 6, 
(c) n = 8, (d) n = 10. Compare the different velocity profiles. 





cross section 
Area 


For any cross section area 








Also 4 
— x — A 
V nN = V l = Ue S) 
R dA = Zrmtr dr 
Thus tor 4 uniform ly, distributed density , Z over ara A 
R-f\) Nn 
7 f ue ( 5-4 j 2r dr 
~ 7-R* 
and 
eM à F 5 
Eo OR - ath 
Uc 0 K ph K Zn*+ 3n + ! 
U 
É Ue 
1 = 
0.711 Lb eer gut. wp 
0.8 - — wm 
6 0.79 / "Mr d ese | aet 
ar BE 
n od rame 
jn Box s Me 
8 Q. 827 ire ae Put ed Moe 
0.2 ROME Nd Sa MEN MERI, 
El du ee 
0.1 
Cae Sere mec NEN et 
10 | O. 866 0 2 4 6 8 10 


The different velocity protites Ciqelading tov laminar Flow ) ave com haved m 
Fio. 818. Since he profile for n=4 “s ned practically Significant, it IS 
not shown. 


§-/£ 
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D Yl Asshownin Fig. P5.2!, at the entrance to a 3-ft-wide 
channel the velocity distribution is uniform with a velocity V. 
Further downstream the velocity profile is given by u = 4y — 
2y*, where u is in ft/s and y is in ft. Determine the value of V. 





NEXU 


BFIGURE P5.21 


(se the mbal volume indicakd by Ihe broken lines jn 
The skelth abwe. 


. / 
From the conservator of ING SS pruntiple 


MA, = fudA [lty-2y2)b dy 
2 gah E 
VÓT), = rj Tba fà f 


Y= T = 1.78 f+ 
30.75) — 5 


5.22 A water flow situation is described by comers at (x, y, z) = (0, 0, 2), (5, 0, 2), (5, 5, 
the velocity field equation 2). (0. 5, 2), (0, 0, 0), (5, 0. 0), (5, 5, 0), and (0, 
V = (3x + 2)i + (2y - 4)J - Szk ft/s E. Erde ah LL Rr nie 

where x, v, and z are in feet. (a) Determine the 
mass flow rate through the rectangular area in the 
plane corresponding to z = 2 feet having corners 
at (x. v, z) = (0, 0, 2), (5, 0, 2), (5, 5, 2), and 
(0, 5. 2) as shown in Fig. P5.22a.(b) Show that 
mass is conserved in the control volume having 





(alThe general expression for mass * 
flowrate across area A, is (a) (b) 


LE FIGURE P5. 22 
m= | jo V. Rd 
| "A, 


Since the 2-dyection component Of velocity, w, f 
IS uniformly distributed over A,, we cap use 


m = f? (w, A, ) = (1-94 slugs) (10 ff Ye fs") 


or $45 
m = 485 slugs 
/ | E 





(b) If I V. dA = O, then mass is conserved. 


However [rv RdA = P2 m Qnd since the component 


CS 
of velocity normal to each plane area of the contro! volume 
iS une Tormfy distributed over that area we have 


Em = (-,A, + wW, A, -g At WA, * YA + VA ) 
Xm =p (-250 £f. Of — 20 L's 70 ft vo trio 2") 
| $n 20 and mass is conserved. 
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5.23 


5.23 . An incompressible flow velocity field 
(water) is given as 


e. l 
= —- ê, + ~ê m/s 
r E 


where r is in meters. (a) Calculate the mass flow- 
rate through the cylindrical surface at r = 1m 
from z = 0toz = 1 mas shown in Fig. P5.23a.- 
(b) Show that mass is conserved in the annular 
control volume from r = 1 m to r = 2 m and 
z = 0toz = 1masshownin Fig. P5.22b. (a) 





(b) 
FIGURE P5.23 


(0) The general expression for mass Ybwrale 
across cylindrical area A, 15 


= fav fias 


Since the pm divechon component oF velocity, V; 
is unttormly adistrbuted ovr A, we can use 


bé d A) = it- FED Cla a 


m ^ro s 
S 


(b) If k Vv. ndA = O, then mass is conserved. 


Miete E pV. AdA=2m aud since 


the component Of velocity normal to each cylindrical 
and plane area of the contol volume js uniformly 
distributed over that area we have 


2 m 
2m 


u 
^b 
TN, 
N 
q 
E 
I i 
N 
Y 
S Nw 
| 
Q 
3 
+ 
Q 
3 
NL 


O And mass js conserved. 
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5.2} Flow of a viscous fluid over a flat plate "FORE (9 

surface results in the development of a region of Section (1) U Outer edge 
reduced velocity adjacent to the wetted surface contro | of 

as depicted in Fig. P5.%ł. This region of reduced in Volume oe 






flow is called a boundary layer. At the leading 
edge of the plate, the velocity profile may be 
considered uniformly distributed with a value U. 








All along the outer edge of the boundary layer, | 
the fluid velocity component parallel to the plate | —— - 
surface is also U. If the x direction velocity profile FIGURE P5.24 


at section (2) is 


develop an expression for the volume flowrate 

through the edge of the boundary layer from the 

leading edge to a location downstream at x where 
. the boundary layer thickness is ð. 


From the conservation 
flow Through the contol volume Shown ù the figure 


we have 
| m ws V. ^ dA 
Tl nl ge m 
A, 
for lncompressib! e Flow 


i ut aie (i tf) 


where 
L = width of te plate 
and thus 
a ae DU S 
a, g 
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525 Air at standard conditions enters the compressor shown in Fig. 
P5.25 at a rate of 10 ft^/s. It leaves the tank through a 1.2-in.-diame- 
ter pipe with a density of 0.0035 siugs/ft? and a uniform speed of 
700 ft/s. (a) Deterinine the rate (slugs/s) at which the mass of air in 
the tank is increasing or decreasing. (b) Determine the average time 
rate of change of air density within the tank. 





A————M———— '0.0035 slugs/ft? 


0.00238 slugt? ~ 
BFIGURE P585.25 


Use the contol volame withm the broken lines. 
(a) Fran the conservation of mass pnaciple we Qet 


D M, T i E - = VY 
i * de di^ b. Gl on ^ Ouk 











Dt 

DP «Guer Au fo P). fum t) v 025 Jf t 

Dt fp fE TE in 9 

DM, = 0.00456 57 i creasing 

Dt 5 
M 

(b) ep = pip ry - js DP. 0.0045 49 
Dt De Di 5 
So / / i 

PR ou C x7 . Oot x. 228x10" shy 
Dt Vous 20 fE —U Lt? s 
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5.26 Estimate the time required to fill with water a cone- 
shaped container (see Fig. P5.26) 5 ft high and 5 ft across at the 
top if the filling rate is 20 gal/min. 





BFIGURE P5.26 


From application of fhe Conserva han Of mass Principle /p 
the Control volume. shown (4 the igure 


we have 
Ai dV f, V.ndA =O 
dt f "s 
Cs 
For incom press ible f. low 
0v _ Q ea 
2t 
or ., 2 
[av - Q J di 
Ó Ü 
Thus in? 


Ew a mD h e. s £r) (5 f£2)0728 Fè) 
Q 2 Q (12) (20 34! ) (231 s) 


and min gal 
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.5.22 A hypodermic syringe (see Fig. P5.29) 
Is used to apply a vaccine. If the plunger is moved 
forward at the steady rate of 20 mm/s and if vac- 
cine leaks pass the plunger at 0.1 of the volume i 
flowrate out the needle opening, calculate the FIGURE PS5.29 
average velocity of the needle exit flow. The in- 
side diameters of the syringe and the needle are 
20 mm and 0.7 mm. 


defoymuig cantre / 


volume 






Using a detormng control volume and the conservation of 
mass principle C Eg. $.17) as outlined im Example 5.9, 
we obfain (see Eq. 8 of Example 5:8) 


- e, V, /o €, t P reak = O0 " 
Since == Constant , Q, 


au O @, "7 BAN, 
we obtain from £4.| 








ALY = AM 
or . 
2 
TOT TED 
DAP T d*/ ^4 (0.7mm) (1.4) (100mm) | 
and ^ | 
V = 448 m | 
2 S 
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5.30 The Hoover Dam (see Video V2.4) backs up the Colorado 
River and creates Lake Mead, which is approximately 115 miles long 
and has a surface area of approximately 225 square miles. If during 
flood conditions the Colorado River flows into the lake at a rate of 
45,000 cfs and the outtlow from the dam is 8000 cfs, how many feet 
per 24-hour day will the lake level rise? 


For " control volume shown: 


! - dY Q; ve mem due | 
Ims, = P ae x [e MCN h . Lake Mead- Vout 
CV water ee 

or since m= =e, control surface 


Qj, - Vout = jr (Aie h) = Make ga 


3 
TAS, dh Qwt-Qin _ (45000 -8000) 5 — T = 5,90x/0 22 
at Alake 225 mi^ (52804) " 


= 5.90x/0 E (35003) (44 5,) = 0-510 Jay 
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deforming 
5.3] Storm sewer backup causes your basement to flood at CO nim | vo lu me. that 
the steady rate of | in. of depth per hour. The basement floor 4. Contains water 
area is 1500 ft?. What capacity (gal/min) pump would you rent AR eor eeR gnum 
to (a) keep the water accumulated in your basement at a constant l 4 1 
level until the storm sewer is blocked off, (b) reduce the water Á | P / h 
accumulation in your basement at a rate of 3 in./hr even while E ^ E 
the backup problem exists? --  — se m ou Pig 
' " / —- g 
) Á AL Ca ! SL floor Aavea = À 
P E EE Lr A ee u^ 


flow out flow in 
For Q de formin control volume that contains the Waker 
over fhe basemen? floor (see Sketch above), the 


Conservation Of mass Princjple (C E9. 5-17) leads to 


Df pd¥ /. 5 
=a 2 7 pe V. n dA = O 
2h : 


C5 


or for constan}! fluid density and area (A) 


A dh — Q J Q, + = O (1) 
dt “ 


(a) for part a , £3. | leads to 
e aus 7 Rin 


To evaluat Rain» we use Eg.i With Qu 7O. Thus 


/ 


„= Adh (i500 f )( 1 A) L) 12s FH 
a dt Ar ui th. |" 
and ; 
s f125 ft pe ga! ( i é Gal 
God ( 4) 5 G0 ME m SE 


(b For part b, Eq.! yields 


- scs A dh 
Q) out / di 


= 15.6 Ja! _ * Y— 3. f (tte yn 
Q 5.6 $a (i500 fÈ X- it Mzz) IA, 


Q = 62.7 fal 
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5.32 (See Fluids in the News article “New 1.6 gpf standards,” t (s) h (in.) 

Section 5.1.2.) When a toilet is flushed, the water depth, k, in the 

tank as a function of time, f, is as given in the table. The size of the 0 5.70 

rectangular tank is 19 in. by 7.5 in. (a) Determine the volume of 0.5 5.33 

water used per flush, gpf. (b) Plot the flowrate for 0 s £ s 6 s. 1.0 4.80 
2.0 3.45 
3.0 2.40 
4.0 1.50 
5.0 0.75 
6.0 0 

SS ee eee eS 


(a) Volume of water per flush = 5.70 1n. pn Ein! = 8/215." 
y -3 4 n 
= 9/25. (5251) 352 gal. 


(b) Q = d lvoleme in tank) z Ln ah. where ah is obtained by 


numerical differentiation of the h vst dala shown below. 
The resulting & vs t results are also shown below. 


Q, in.^3/s 
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5.38 A 10-mm diameter jet of water is deflected by a homoge- 
neous rectangular block (15 mm by 200 mm by 100 mm) that 
weighs 6 N as shown in Video V5.96 and Fig. P5.38. Determine the 
minimum volu me flowrate needed to tip the block. 





From the free body diagram 


of the block when if is read y 
fo lip Z^. =O 0r 


Ry A g Why Where R, IS 
the ral that the water puts 
on the block. 





Pe, f 0.0SOm g 


For the control volume shown the X-componert of the momenivm 
equation 


(ue Vn dA == Fx 
CS 


becomes 


VeCV)A, =-Ry or / = 24; 


Thus, 


V = ey 
1 (999 4) F (0.01m) j 


Hence, 





3 


-4 
Q =A Y= Z(o.em) (3.392) =266x/0 4 


S$ 
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5.30 Determine the anchoring force required 
to hold in place the conical nozzle attached to the - 
end of the laboratory sink faucet shown in Fig. 
P5.39 when the water flowrate is 10 gal/min. The . 
nozzle weight is 0.2 lb. The nozzle inlet and exit 
inside diameters are 0.6 and 0.2 in., respectively. 

- The nozzle axis is vertical and the axial distance 
between sections (1) and (2) is 1.2 in. The pres- 
sure at section (1) is 68 psi. 





Q = 10 gal/min 
FIGURE P5.33 


lhe analysis leading tp the Solubion of this problem is 
Similav To the one outlned in Example 5./0. Included 
in the control volume Gre the nozzle and fhe water in 
the nozzle at an mstant. Application of the vertical or 
Z-dwection componen? of the linear momen tum egua lon 


(Eg. 5.22) to the flow through this control volume leads +o 
p= pu, m mA, E FRAEN RA, (I) 
which is Eg. 4 of Example 5.10. 


The conservation Of mass equation yields 
m = jf? W A, 7 P w, A, 
thus Eg. | becomes 


; (2) 
E = m (w -w )+ W, + RA, +W -p aA, 


The different terms In * Z Arę aia below. 
° x PQ ms (1.4 oe) 


2 | 0.0432 5^ 
min (7.48 u oe $ 








wW, = Qs E E. (12 E) ft x JJ ft 
Ay, ye m (0.6%) (7.49 gal coz) d 
2j #43 Min 
al ANE a 
"c cw MGE» Ey = /oz ft 
* A, 7 0, T- (0.22). (7.48 ge (eo - 5 
4 4 Aii 
T D l 0.6 in.) 24 
RA, = p TO ~ pia c _ 192 Ib 


aay 
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(Con't ) 
W = e Y, - (09 3 (07+ 0+ 0,0.) h 


i Slugs iz In. 2/» Y in Zin.) (in 
= (i0 lugs ) (52- ENS s “it 2 Y+ (o. )+ (0.6% WL oe 


FP 


- IL 
W, = @ 00521 


2 š 
] D, | (oy wlorzm) - O lb 
BRA * RTD = (o 6) "— 


Thus wilh &g. & 


F = (e 0432 S49 ys f ft _ 02 a t 0.216 + 14.216 + 00054 Ib - O h 
Slug 2 


>N 
i$ 
Ui 
wn 
= 
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5.40 Water flows through a horizontal, 180° pipe bend as is il- 
lustrated in Fig. P5. To. The flow cross section area is constant at 
a value of 9000 mm?. The flow velocity everywhere in the bend is 
15 m/s. The pressures at the entrance and exit of the bend are 210 
and 165 kPa, respectively. Calculate the horizonta) (x and y) com- 
ponents of the anchoring force needed to hold the bend in place. 





FIGURE P5.0 
This analysis is similar fo the one of Example S.N. 


A tied, AOR - Ole farming Control volume that Contains E wake 
within the elbdd between Sechons O Jandl. 2)at an instant is used. The 
horizontal forces acting on the contents of the Control volume in 
the X and y Oitections are shown Application of the X-diréction 
component of the Inear momentun Ege alon (49.5,22) leads to 


Pig, TE 


Application of the y-airechon component of the linear momentum 
Chuahon yields 











Thus 
K = 999 ek mm’) /5 m (Sm y a N . 
m? //yo00 ( Nes T Ág, m i 
s+ 
(65 RPA )( 4000 mm*) 
/000 mm 
( p Le FN 
m^ FA 
& = 7420 N 


5- 30 


5.4 


5.41 Water enters the horizontal, circular cross-sectional, sudden 
contraction nozzle sketched in Fig. P5.41 at section (1) with a uni- 
formly distributed velocity of 25 ft/s and a pressure of 75 psi. The 
water exits from the nozzle into the atmosphere at section (2) where 
the uniformly distributed velocity is 100 ft/s. Determine the axial 
component of the anchoring force required to hold the contraction 
in place. 






nne ——— DHT 
1 m 
nie wt tan 
ih WP He : 
Heit 
: 


d | Peete HP 
M at UH 4 
m nas Uu Bester 

a ii Hi 


Ads p Ai Hn i B 
Wa mut 1 SR nate E 
Wigs patty L $a" iB IT VM 
Hive DU a hui b LUNO, (placer 
miipie iieri iB di i 41 
i * à 4 ap ! TESI 
T 
ID A 













Jp n duisi 
e£ “ait $ : Wu d STRA 
; = 


FIGURE P5.41 


For this prblem we Include im the contol volume 


the nozzle as well as the water at an instanti between sections 
(1) and(2as indicated in the sketch above. The horizontal 


forces acting on the contents of the control volume are shown 
in the sketch. Note that the. atmospheric fovees cancel out 
and ave not shown. Application of the horizontal or X- 
divection component of the linear momentum equation (£g. $.22) 
to the Fow through this Control volume yields 


~U,puA, t u pu,A, = FA =E -RA (1) 
From th conserva hen of Mass egnaho ( Eg. 5.12) we obtain 

m * 4,4, = ou, Ar 
Thus £9. 0) may be expessed as 


rn (uz 4,) = pA, -Ẹ -LA 
Ór 2 y 


2 
; TP; .- 
F = PA, -BA + m (u,-u,) 3P = i -= Ue a“ (u,-u,) 


p= (18 rie) 0 l- (14 L as t) Gi) foo i 





UJ 


F = 352 lb 


$3] 


5. 42. | | is 
[e of each is atmospheric, and the flow is incompressible. The 

] | EE RE contents of each device is not known. When released, which 
§.42 The four devices shown in Fig. P3. lest on friction- devices will move to the right and which to the left? Explain. 
less wheels, are restricted to move in the x direction only anc 


are initially held stationary. The pressure at the inlets and outlets (I) 







we apply He horizontal Ü 
Component of the linear 


momen furm egua fion to the 
contents of the control Vohime 
(broken lines ) avid determin e the (1) 
Sense of the anchonng for 7h Kl ; 
If A is m the direction 
Shown n fhe sketches, motion 


will be to the left. Xf j^ Is 
sn a direction opposite fo that Shown, the mohon is yf the 


right . 2r AF there. is no horizontal mohon . 


& FIGURE P5.42 


be sketch (a) 
-V EYA, -VeA 2 7 
Since fi is fo the left, mohon +s fo the right. 


Fo. sketth (6) 
-V eKA + V eV a. e V 
and from conservation of mass 
(oV, 9, * e^ 4, 
and since Y, 
Fo" SKeld, (c) (nok: flow ip mh CV 


-lev A, = f 
and fy is fo fre left se motion is Yo the rig At. 


then F, is To The left anol mohon isto te right 
at (1) 


For sketch (d) 
“eX A. up, =F, 
and fro Conservation of mass 
V, 4, es e" A, 


and V, < v, 


| SO F is to the right and mo fion "E: Yo The Jett. 
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5.75 


5.43 Exhaust (assumed to have the properties of standard air) 
leaves the 4-ft-diameter chimney shown in Video V5.4 and 
Fig. P5.43 with a speed of 6 ft/s. Because of the wind, after a few 


diameters 


with the speed of the wind, 15 fUs. Determine the horizontal corn- 
ponent of the force that the blowing wind puts on the exhaust 


gases, 


downstream the exhaust flows in a horizontal direction 





g FIGURE P5.43 


For the control volume indicated the x-camponent of the 


momentum equation 


fu P Ven dA = 2 Ix becomes 


VM oV. A, = R, where Ry is the net horizontal force 
{fat the Wind puts ON the exhaust Gases. 


Thos Fs 
Ry - m, Ve where m,"Q/hW- PAM (ee. m= mz ) 


or M, (0.00238 s) Z cust)’ Jr) = 0,179 sigs 
Hence, p 
Rx = 0.179 $28 (15 fy. 2,69 nun = 244 lb 
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D. aid 


5.44 Air flows steadily between two cross section in a long, straight 






section of 12-in.-inside diameterpipe. The static temperature and pres- N 

sure at each section are indicated in Fig P5.44. If the average air — ^«^ 00^ 0) Sectien 123 
velocity at section (2) is 320 m/s, determine the average air velocity at p) = 690 kPa (abs) p2 - 127 kPa (abs) 
section (1). Determine the frictional force exerted by the pipe wall on T, = 300K T2 = 252 K 

the air flowing between sections (1) and (2). Assume uniform velocity V2 = 320 m/s 
distributions at each section. B FIGURE P5.44 


This analysis 1s Similar To the one Of Example 5.2. 
For steady flow between sections (1) and (2) 


3 
| 
= 


Or u 
PAY, = AA, A 
Thus 
EAS 


Assuming that under the conditions of this problem, air 
behaves as an ideal gas we use the ideal gas 
eguation of state (( Eg. 1.8) 7 get 


fo. BL E 
/ P T, 
Combining Egs. / and 2 and observing that A = 4, 
we get B 
V = E DI. [127 f ab; ] (300 K) (320 2) 
£ L i [670 hPafbs J| (252K) s 
V = UO]! m 


(cont) 
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5.44 | (cont) 


The analysis for this problem is similar To the one of Example S72. 
for the contol volume shown m the sketch above application of 


the axial Component of the (meer momentum Cguation leads to 
3 V vA :à (A VUA S pu i PA, 
From the Conservation of mass principle 


m =i AAV = AA, V, 
Also the ideal equation of Stale is 


= a 
G RI 
Aa% (7-7) +A(p-p) - 49/2 T07- (ony 


ae 
KA hm) 


Oe 
Ry RT, 2 KT. 
2 z 
E xm iig cd (iar &h Y 550 Y ym - 320 foo N VIN 
ý 7 2869. (252 ki. A fg. m 
£o. K + 
2J 


R = 320700 N N 
x ? + (690 kta - 127 AR )(1000 8 
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| 5.45 | 


5.45 Determine the magnitude and direction of the anchoring 
force needed to hold the horizontal elbow and nozzle combination 
shown in Fig. P5.45 in place. Atmospheric pressure is 100 kPa. The 


gage pressure at section (1) is 100 kPa At section (2), the water ex- 
its to the atmosphere. 





pı = 100 kPa 


BH FIGURE P5.45 
The control volume shown im the sketch above js used. Applicaton 


of the y divecton component of the linear momentum equation 
yields 
K y 7 oO 


A pplication of the x direction /inear momentum €qua ron leads 
to 


-U pu, A, E u, pu, ^a = HA, - K + PA 
From the conservation of mass equation 


m = p^, s | A. 
Thus 


RY = pur, (u,tu,)+ RA tRA, = = pu Piy t Zueri p? 2 +014, 


«(m Mae oe fe) = 6s] 


+ (100 fa ) Tr (300 mm ) 1000 N x) 
sh f. 


or 


and | # (1000 re) 
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| 5.46 | x | : 

2 = V-15m/ 
= 2 
= U. 


5.46 Water flows as two free jets from the tee attached to the pipe pit CE 
shown in Fig. P5.46. The exit speed is 15 m/s. If viscous effects 
and gravity are negligible, determine the x and y components of the > 

force that the pipe exerts on the tee. " ur | Med Dos w^ 


Pipe 2: ‘Tee. 
BFIGURE P5.46 


Use the Control volume, Shown. 


Foy the xX-component of the force exerted by the pipe 
on the tee we use the x- component of the linear 
momentum egua fion - 

"Vgl, + ye A, = A - BA, R lA SAL) E 


“(Eo Ray A (5 by Moe E p (A. A, ) + f. 


Jage 
"PATE (^) 
Z gage ' 
o ger 4i We use conservation of mass 


Q, = A> T Qz 
oy AV, =A, V, t ASV, 
So V = A.V, + A; V3 _ (63 m*)(18 5) f (0.5 m* Ig "6 ) 222. mA 
/ —————— — 
A, Im 
Jo estimale 2 We use Bernoulli” equation fev How between (and) 


2 
Figase 4 Wu = fagase + 


eg eae E) 
a - 40, 500 LY 
Now using Bi) we d get : T z (> 
[p t Yea em) + (6g ym : Js: 2227 
(42,500 È Jim) FE 


or -72 Qwrn- F 
/ X 


So F. m yx. CHOON <— 
For the y tvm pee f^ mot of Che kru exerted by IA pipe On the fee we use tw 
Y acd E fhe (sneer momentiem equate yo get 
A, = F 


leg sinn) = 67 400N E 
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5.47 A converging elbow (see Fig. P5.47) 
turns water through an angle of 135° in a vertical 
plane. The flow cross section diameter is 400 mm 
at the elbow inlet, section (1), and 200 mm at the 
elbow outlet, section (2). The elbow Row passage 
volume is 0.2 m? between sections (1) and (2). 
The water volume flowrate is 0.4 m?/s and the 
elbow inlet and outlet pressures are 150 kPa and 
90 kPa. The elbow mass is 12 kg. Calculate the 
horizontal (x direction) and vertical (z direction) 
anchoring forces required to hold the elbow in 
place. 


x 





A control volume that contains the elbsw and the watcr within the 
elbow between sections (1 ) ^^" (2) as Shown in the sketch above jy 


used. Application of the horizontal Ov X dwechon component of the 


[mear momentum equation 


ur pu, A, E V cos 45 pA, 


From conservation of mass 


m = 

Thus 
p. PO + A cats" + 
A,x A, 


yield s 


= pA — FE +t PA tss" 
Ax 4 2 
J 


Au^, = PV A, = pQ (1) 


PA tpA, €x ts “eh + R1 pA etat 


Tad tad! un deg Te g) 


+ » (^ bum.) 
g (my 


F = 25700 M 
Ax "e 


4 


(i5; 0 kPa I 400 mm y +0 Rfa ) (200mm) tos 45 | 


App lication of the ver tical or 2 direc fion Component am tl, c linalar 


momentum equation leads fo 


~V, Sin 45 "VA, = PA, sin 4s °- F.w-Ww 


Az w e 


J 


Which when combined with £4. / gives 


F - 58 Sin $5 + p A sints” — W- W, = p sonest 2 PE 
(con't ) 


AZ 


A, 


Zi 
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5 
(con't) 


; ae R 
audi i 
- (m & fmz) (0 
2m) 
F = $920 als) E " w 
va) 
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5.48 The hydraulic dredge shown in Fig. P5.48 is used to dredge 

sand from a tiver bottom. Estimate the thrust needed from the pro- 

peller to hold the boat stationary. Assume the specific gravity of the 
sand/water mixture is SG = 1.2. 






A SOROS 


x ee Cere —Ó T 






Sale ew ox 
2 HA iu. "eee m LA 
eee JS qoe ES dup Qr A 
ls aere Ep ee lee, 
Muss stele seen v iri p 


E s 1 i un Ver t TA; A SE 
a" d... 7 , = a + E ia 5 7 — F dl 16553 
E 3410113 Sear hy E e be? ^ ircteL errs H Terre 94 11 31121 33 III " ircrrvotisr2a E 
data uL cO ia er DB Ca LG SO PU Gl LC a. 
ta TU || 


BFIGURE P5.48 


Using Jf (miel volume shown by the broken line m 

the sete, above we use the horizontal or x Comporent 

of the (Mear momentum eguaton fe get 
FERAYE Gg) Td y va 30" 

Where secho / is where tow enters ffe tmio/ volume 

verh ca lly and sechm 2 is where tlw leaves Ke carol 

Vokeme at an angle of 30° from the horizontal direction 


ete that Mere is no horigmtal diveectim Linear 
momentum flaw at Sectio ,. 


OH) Go f / y, fe 
E sz (94 eh (30 i 3o P tea ne 
s2 


= 650 Ib 
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5.49 | A static thrust stand is to be designed contre! volume 
for testing a specific jet engine. Knowing the fol- M P 
lowing conditions for a typical test, 
intake air velocity = 700 ft/s 
exhaust gas velocity = 1640 ft/s 
intake cross section area = 10 ft? 
intake static pressure = 11.4 psia 





intake static temperature = 480 ^R 
exhaust gas pressure = QO psi 


estimate a nominal thrust to design for. 
The analysis for this problem is similar fo the one of Example 5.14. 
A control volume that contains the entire engine and the 
fluid in the engine as indicated in the sketch is used. 
Application of the hori zontal or X direction component of 
the /Imear momentum equation kads jo 


A, x 


Up u, A + u, 24,4, = P A, + F 
or 

ap p P^ e s U, £u,A,— PA, 
The conservation of mass Principle yields 


QU A, = fA 4 


Thus 
^ia e gu 5, ( u) 
or SMMCE 
2 45 
Qe E 
ther 


¢ = ugh fam) RA, 


AX RT ib 
ft I ) Pus m. = 
= (ius dE (700 £ pe" ys (croft a £o: i 2 Shug. 7 
$9 


A 
i /7/& ft-!& N(480*&) 
Slug. R 
w (1.4 Æ lb - ak on in Yio) 
and 
F = 1/7 700 h 
A,X 2O 


| 
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5.50 


5.50 A horizontal circular cross section jet of : 
air having a diameter of 6 in. strikes a conical control volume —~3,7 // E sechon (2) 
deflector as shown in Fig. P5.50. A horizontal j 

anchoring force of 5 lb is required to hold the 
cone in place. Estimate the nozzle flow rate in 
ft/s. The magnitude of the velocity of the air 
remains constant. 





FIGURE P5. 50 


The control volume shown in the sketeh is used, Agphcafion 
of the Qxial or x-—dwection Component Of the linear 
momentum eguation yields 


= pas, + d, pu, A, E 


Wilh the conservation of mass principle we can conclude 
for this m compressible fm, that 


u, Å, = U, A, = Q 


Also 
U, = YY cos 60° 
ana 
UY =v = & 
Thus e 
-Vp Q + Vcsto pg = n= - Ses D eos" p 
m 
Or 


" = [Sst brn] per 


Cos 66°) 
Thus A he /L ) L) (6 m) 
ie 


onthe) cos 60°) H) (144 tn. Ls... : 2 C12 
slug 


nj. 
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5.51 
section (2) 


5.5.1 A vertical, circular cross-sectional jetof air strikes a con- 
ical deflector as indicated in Fig. P5.5/. A vertical anchoring 
force of 0.1 N is required to hold the deflector in place. Deter- 
mine the mass (kg) of the deflector. The magnitude of velocity 
of the air remains constant. | X. cont vol 





2A tN section (1 ) 


V = 30 mis 
FIGURE P5.51! 


To determine. the mass of the conical deflecfo- we use the 
Stationary , non - deforming contro/ volume Shown n the Sketch 
Above. Application of The vertical direchon component of 
the lincar momentum Cg ation CEG. 5.22) w HE contents of 
this Control yolume yields 





Mt CARBO") cm HE d, 7 
or 
= . D E ae 
a 09 eun m (V -V, cos 70°) ^ = PAY (Y-K eos30) F a 
However 
A CM 
and 
A, = TO, 
7 
Thus €&3.1 can be exyvessech as 
2 
m = p TO, 4 (¥-Y cos 30°) - z 
CONE Zg 
or " 
mm = 223 ki x Gsm) (30 £)/ s2- Jom Cos 7» / — ci. LL, PE 
ias (4)(4-81 m 2) (28 mf Neva) 
and 
- 0.108 f 
cone J 





er: 


5.52 Water flows from a large tank into a dish as shown in 
Fig P$.5 (a) If at the instant shown the tank and the water in 
it weigh W, lb, what is the tension, 7,, in the cable supporting 
the tank? (b) If at the instant shown the dish and the water in 
it weigh W, Ib, what is the force, F5, needed to support the dish? 


Fo part a) we apy the verpcal 
Component of the linear 
momentum eg uation Jo the tmtentr 


Of totol volume A, CY, , w get 
-V APs zT w (1) 


/ 
dud A J EFIGURE P5.52 





To get wlue of Vip we apply 
bernoullis esuahon to (he fv trom the bee surha of ru 
Water in [he tank da the tank out? Jo ger 


Vast = 29^, = [C322 t io) = zs ft 


Then tram EF. (1, we get 
(25.4 £e EE (25-4 £) T lot f 5) 7-w, 
GÉMOY Ci XE Drac LC E. 


sluz. fT 

(en 5> 

T, =W - 9 8 [6 

lev part bim EL MA vertical cmponent- of fh [mea mome num 
eguali m to the umkrts of CV, ‘fo get ni 


Vido ™ nde a, i4 = Ww 
C V Cig 
To get e 4, we use Bernoullis eguahon between Wee surtate of 


Wedev in tank to tree Surfaa af wake in dish Yo get 


Vint = / 29 Cathe) = 2(22.2 # (1 fi +/2#) = 376 f! 
r VA 


we Use fam tensor hm əf Mass | ane = m E: Au eu 
cv tank. 


/ 


gnel 


CY, 


So Dr Eg (2) we Ict 
she uec Ver iu tt (1 Hs) X 
[nra En 13) es Slag FF 
ana Fo aver MT 
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"5.53 


5.53 Two water jets of equal size and speed strike each other as 
shown in Fig. P5.53. Determine the speed, V, and direction, 6, 
of the resulting combined jet. Gravity is negligible. 





WB FIGURE P5.53 


For the control volume shown in the sketch above the lweat 
momentum equation for the x and y directions aye for 
the x divecton 


-V2EV, A, +(VosedeVA =O (1) 
and for the y direchon 
-VeV A, + (V sin a) pVA = O (2) 


Also for conservation of mass we have 
eV, A, + PV, Ar -QVA = 
From Eas. | and 2 we get 
A. . Use 
V P, SIA © 1 
2 
PE | -| (o. 
e » cot Vah. = cot [Er a a 45° 
to ft (0.14) 
Qe) v te: 
Now combining Eqs. 2 and 3S we qet 
-V A, + V Sine (VA, +y, A,) = 


( 3) 


$0 


or NA, 
Sind (, ^ A) 
(10 tt) (out) 
( Sin 45° Tas i ) = v (of) +(10 &) LU | 
and 
y = 107 ft 
p—— j 5 


$. Stt 






Section (3) Section (2) 
5.5 Assuming frictionless, incompressible, one-dimensional Q, _ 
flow of water through the horizontal tee connection sketched in 10. m3 A 
Fig. P5.54, estimate values of the x and y components of the 


force exerted by the tee on the water. Each pipe has an inside 
diameter of 1 m. 


p, = 200 kPa 
FIGURE P5. 94 


We can use the x and y components of the linear momentum 


eguation ( &%. 5.22) fo determine the x and y components of 
The veaction force exerted by the water on the tee. For 


+he control volume containing water sth the fece, Eg. 5.22 leads 


to 2 

R= PAV OA = ED. + Veg, " 
and 2 " 

K, dd -R s + Vg 9. —-V, ya, (2) 


The yeachon forces in Egs. lama 2 ave actvally exerted by the tee 
on the water in the contel volume. The reachon of fhe water on 
the tee js egual th magnitude but opposite th dwectian | 
Conservation of mass (Eg. 5.4) leads to 


Q, = @,-@, = Q, - VTO? = 10m. (om) rm) = 5:258 m” 
2 3 l 3 m, s 5/4 s 








Also í s. 
Q, 7V.TD = (6R) Rm) = 4.7/2 m 
y 4 J 
Further 2 - 
206 5 
ys ALL IP) ona 
* Tp 2 l $5 
s T (tm) 
aud . 
- & fo 
QE e UP) Qi» 
E T Cm)” i 
E d 
(con’t ) 
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5. S4 


con't ) 


because the How is in compressible and frictionless we assume that 
Bernoullis equation (Egz. 5:74) is valid thrrvghon? The contri volume . Thus 


gape Fig) = wih + Hg T zs x) 


F z/27 kPa 


X 
LO: ro hiina du {* $}- home) (op Ay * 


OY 
p= 195.3 &F& 
With Mies 


= (200,000 Z) Bam), , (4 2 fn k B ) (em Ly me er BSAN 


and M X- divtction Component of doru exerted by the. ibe: on The 
tee jJ ./$5 RN. 


With &g.2 
Ry = (195,300 e m) - (13700 Sh T (Im) + (6.733 ze t f hq) 52 


É + (6.733 e (994 Bere ss 22) 


= -45 800 N =- 45.8RKN 
and ^ y- direction component of force exerted by the iade On 
the tee is + «45.8 RN . 


or 
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9.56 


5.55 Determine the magnitude of the horizontal component of the 
anchoring force required to hold in place the sluice gate shown in 
Fig. 5.55. Compare this result with the size of the horizontal com- 
ponent of the anchoring force required to hold in place the sluice 
gate when it is closed and the depth of water upstream is 10 ft. 





BFIGQURE PS.55 


Thi s analysis is similar to the one of Example 5.15. The 
Control volumes of Fig. E 5.1/5 are approprrafe tor use 
in solvin 9 this problem. When the sluice gate I's closed 
(see Figs. E5-ISa and E 5./I5C ) application of the X 


dire chon component of the /inear momen Turn eguafion 
leads fo R 

Re gis gaa) en = Bue & 
When the sluice gate is open (se Figs. E 5.156 and E 545d) 
application of the x direchon component of the /mear 
mne AT Uum eguation leads fo 


Rye ETIE E+ ey - pith 





The exit velocity Uu, may be expressed in terms of the inlet 
velocity u, with the Conservation oF mass €auafitn as tollavs 


uy ce = 
Thus i , 
-LJH -L yh F + u` H u` H 
a bd 2 cs 6 ur au a 
Assuming Fr is negligibly small, we obtam 


2 162.4 6 Toce ). sH) 
papani. dan A iow) | 
2 2 . 
94 Slugs Yy Ft Vo f? Yl oy. slu / OFF f lb 
+ (nt ENF De X 4 ) (Pr zy py en ) 


inc d (45; f4) Slug. {t 
g> 


qum 


ga 


gp, = 1290 5 





Thus it fakes considerably less fwa to hold in place The 
Sluice gate when it is opened as compared Yo when Jt is lad. 
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2.56 


5.56 The rocket shown in Fig. P5.56. is held stationary by the hor- 

izontal force, F,, and the vertical force, F, The velocity and pres- F 
sure of the exhaust gas are 5000 ft/s and 20 psia at the nozzle exit, 
which has a cross section area of 60 in.. The exhaust mass flowrate 
is constant at 21 lbm/s Determine the value of the restraining force 
F,. Assume the exhaust flow is essentially horizontal. 


 BFIGURE P5.56, 





The control volume contains the rocket and the fhid within the 


rocket as dicated in the sketch. Application of the 


x 


direction component of the linear momentum equation yields 


o bemuse the rocket is xfafmnargy 
2 [Ju pod + VeVA, = R RA, 
Cv 


Or | 
E «e BA MAYA 
But 
m = PAV, 
thus 
a = PA, + Vm 


115/21 lb 
- [20 l -147 lb Je in?) + (5000 £t) bn) 
^ f in® ma P s ( s [32 


d = 3580 Ib, 
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s 


2 Ibm: ft 
lo, g? 





S PD 


5.57 A horizontal circular jet of air strikes a stationary flat plate as 
indicated in Fig. 5.57. The jet velocity is 40 m/s and the jet diameter 
is 30 mm. If the air velocity magnitude remains constant as the air 
flows over the plate surf ace in the directions shown, determine: (a) 
the magnitude of F, the anchoring force required to hold the plate 
stationary; (b) the fraction of mass flow along the plate surface in 
each of the two directions shown; (c) the magnitude of F, the an- 
choring force required to allow the plate to move to the right at a 
constant speed of 10 m/s. 





BFIGURE P5.67 


control yolume 





The non-d efor ming contro! volume Shown (n the sketch above 15 und 

(a) To determme the magnitude of ^4 we apply the component of the 
linear momentum eguation (E. 5.22 ) along the direction of Fa. 
Thus, Sw PVindA=Z2 Fy, or 


^ 


tt 


e . 2 2 . 
m V. sın 30° = oA; V. V. snot = pT Lj V; Sin Fo” 
4 


or CE 
E = (623 2) X (0030m) (90 P) (5in 30 ) (1 = 0.676 N 
A m? (4) €. ———r— 


S n 
(b) To determine the traction of mass flw along the plate Surface in 
Cath Of the 2 diyectons shown in the sketth above, we Apply the 


component of the Ingar momentum equation parallel fo the surface 
of the plak, $. UPV:AdA=ZF,, fo obtain 


ie aie : A) 
Aeg ple = 2 Ig ~ m; Vi cas 30 
Surface 

(conl) 
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(con't) 


Since he arr velocity magnitude yemains constant, the value of ę "^ 
is sero” Thus from Eg./ we obtain 


Sura 

m,V = mV, - rh V; cos 30° (2) 
Since 6 -wsV,£t$2 becomes 

E e e. o 

m, = m- m; Cos 30 (») 
From Canseruahan of mass we conclude that 

m, = m, t m (7) 
Combining Egs. 3 amA Y we gef 

, i . ! A 

m; a n; m o Cos Jb 
Or f ; 

m e m (1-2530) =- mH. (0.0670) 

Jj Vae J 
Qnd 


m = m, (1- 0.067) = m, (0.933) 


Thus, m, involves 933? G M, and Mm involes 6.7% of m, 
z ————— ———PM r—— e ud E LA A 





(C) To determine the magnitude of E, reguired to allow te plate 
tp move 7» he right at A cémstant speta af 10 a, we use 
Q Non- devorming Control volume Nike the one in The Sketch 
above thar moves w ihe right with a speed of 10 a. 
The translating contol volume linear momentum equa 
(€4.9:24) /eads Yo 


Jd" 4 
ros gw Do; (G- HP) 2030" 
E y 
or A , 
237 22) w (0.030m) (40m _ jo m yfe 20 Y] "I. 
A = (7.23 ma) T k s per) 
57 
and 
a = 0, 3Y N 








—— — 
m———ÁÓI o —————— 


* Since V =V Vs and po ff and 2,222,723 if follws that the 
Bernoulli equation is Valid from 1-*2 and I-23, 


Thus, there are no viscous etfects(Bennmlli equation ix Valid only tor 
inviscid tlow) SO that Teg. Hence, P alone olate ep 
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5.58 





5.50 Water is sprayed radially outward over 180° as indicated l 
in Fig. P5.58. The jet sheet is in the horizontal plane. If the jet Sechon(1) 
velocity at the nozzle exit is 20 ft/s, determine the direction and  cgmtrol valume 
magnitude of the resultant horizontal anchoring force required 
to hold the nozzle in place. 


x 
FIGURE P5.59 


The control volume includes the no33le and wakr between sections 
(1) and (Z) «s indicated m the sketch above. Application of the 


y diüechon component Of the linear momentum equa hon y) elds 


irri = - s 


s 
2 
Or re fe V, Cos @)(%Y)JhRde = PARV Giant sino) 
and c =0 
Ay p 


Application of the X direction component of the linear momentum 
eguation leads 7o 


wav Ade ow F 
^P - 


F T 2 
O Fo = ^J en 0)(V,)hKRde = PARK, ( cos 0 - cos Tr) 
i 2 
ft 
and " (.94 ea ce (0.5 in. ) (8 in. ) (20 oD £2) / E) 
^n a » f iZ 2) (12 (2) 7g Et 
F = #346 
A,X SS 
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3.57 


5.59 A sheetof water of uniform thickness (h = 0.01 m) flows 
from the device shown in Fig. P5.59. The water enters vertically 
through the inlet pipe and exits horizontally with a speed that 
varies linearly from 0 to 10 m/s along the 0.2-m length of the 
slit. Determine the y component of anchoring force necessary to 
hold this device stationary. 





A control volume that antains the box portion of the device 
and the water in the kox as shown in the sketch above is used. 


Application of the y-direction Component of the lineav momentum 
equation yields 





2d ore 
L^ | ur eV. R dA = e| V^ hdx 
sit b 
The variation of wv with x is linear ov 
- m 
A2 SOx E 
Thus OL : . " "T1 
Fay F ? | Go ds = e (50) r3 
j 0 
Ov 
ba Vo doom) fee) (1 Ns? 
E 9 0,2 N.S 
p” (0 7, ^n $ Koo) m) ( e 
m? 3 “ka , m 
and 
- 66,6 N 
;" — 


$53 


5,60 


5.60 A variable mesh screen produces a lin- 
ear and axisymmetric velocity profile as indicated 
in Fig. P5.60 in the air flow through a 2-ft- 
diameter circular cross section duct. The static 
pressures upstream and downstream of the screen 
are 0.2 and 0.15 psi and are uniformly distributed 
over the flow cross section area. Neglecting the 
force exerted by the duct wall on the flowing air, 
calculate the screen drag force. 





Section (1) Section (2) 


My 70. psi Po = 0.15 psi 
V, - 100 i/s 


FIGURE P5.60 


Applicaton af the axial component of the linear momentum 
equa bon to the How thr ough the contel yolume shown in the 


sketch leads to R 


-V e V A, T f & eu, errr = PA - K. =- RA 
Oo 


Or 


2 


Vèrp í D, s 
R = T^ -29Tp| fn t | rdr «p TP po TD. 
x P * g r — t ] n xi. (1) 


4 


0 á 
the value of Ung, may be obtained from conservation of mass 


as follows R 
2 
MD, = r 
OM A lta 
Ó 
Thus uq = VD R 
Na x R 
(of r^dr 
Ô 
From 


= =. A - 3 (100 tt) = 150 f 
p 2 0$ $ 





R = [m hg. Jie frat) fig) — 7) 


+ [0.2 1b Yr (ff, (251); 144 in. 


mi 4 


R = 13.316 


gn: IS l Cer (i in 


5.6! Water flows vertically upward in a cit 
cular cross section pipe as shown in Fig. P5.6u. 
At section (1), the velocity profile over the cross 
section area is uniform. At section (2), the ve- 
locity profile is 


Rowe" a 
V = k 
«( = 


where V = local velocity vector, w, = centerline 
velocity in the axial direction, R = pipe radius, 
andr = radius from pipe axis. Developan expres- 
sion for the fluid pressure drop that occurs be- 
tween sections (1) and (2). 








| FIGURE P5. 6! 
The analysis for this problem is similar fo the one of Example 5.13. 
The control volume contains the fluid only between sections ( /)and(2) 


as indicated th the sketch. Application of the vertical or z 
component of the /inear momentum equator leads to 


R 
-w,pwA, + [ope mre = PA- R «gA, - W, 


Thus o 


R I2 
Que = Ry ~ W, + en e ex) frar +w (i 
1 e m | c fs rr 


The weight of the water in the contro! volume may be expressed as 





The value of w , May be obtained from the conservation of MASS 


equation as tollows 1 


K 7 
pw A " IL w, (E) 2rrdr 
Ó 


or 
E a WA 








* LL (2) 
7 
27 f ff 7 ipd 
p- NS R 7 
Jo evaluafe the intéwal J& P) rdr we substitute 
o 
- K-r 
7 R (3) 
then 
dæ = -dr 
E (4) 


(con't) 


and R f 0 mM 2 1 
-r)7 7 doc = IR 
i x) pct -fx Aiii 120 (5) 
/ * 
Combining Egs. pa ana S we obtain 
- 60 
c ^ 49 “I 


Thus from Eg . / 


R 2 

*, e 60) w,” f (R-t)' h t% 

p-p = z -ph + ae BA rdr *ge 
TR? R ) Ò 





| R 2 
To evaluate the integral J (£5) rar we use Egs. Jand? 
Q 


Thus gz g 0 » : "m 
Rr) | = -| ee) s AR 
JE j^ ' / /44 


and. £4. 6 becomes 


Ne: WM 4 DHE taah 
Es = — (T : l T 
FR DEI p wf 
or | 
p-p = Ka 4 0.024, t goh 


MR? 
Note that In contrast to the result of Example 5.13, Only 


a very smal! portion of fhe pressure drop ir due vo 
a change in the momentum flow between sections / 








and 2 this Case. 
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5.62 Ina laminar pipe flow that is fully de- 
veloped, the axial velocity profile is parabolic, 
that is, 


average velocity, u, with the axial direction mo- 
mentum flowrate calculated with the nonuniform 
velocity distribution taken into account. 


=u fi- G) = 


GA eee 
as is illustrated in Fig. PS. . Compare the axial 
direction momentum flowrate calculated with the 





FIGURE P5. 62 


The axial direchon momentum flwrate based m a uniform velocity 
profile with uz=& Is 
ME = u P uA = 


X, uniform 


paar 


The axial direction momentum thwrate based on the non- 
uni form velocity profile is 


(Tx nons Leo" pu Zar R fi: MALA 


paraboli » 





Un TOrm 
L 2 
MF E j^ uc TR 
X non - 
‘anitory J 


To oblam a relationship between U amd Ug we use the 
conservation of mass uisi as follows 


pu T£ = p ZTR u JI (t) E) ^e) 
Thus 
y= "6 
z 
and E 2 y 
ams ; p— * T i union 
Un 





5.64 





5.64 A Pelton wheel vane directs a horizontal, circular 45e 
cross-sectional jet of water symmetrically as indicated in Fig. 
P5.64 and Video V5.6. The jet leaves the nozzle with a veloc- 
ity of 100 ft/s. Determine the x direction component of an- 
choring force required to (a) hold the vane stationary, (b) con- 
fine the speed of the vane to a value of 10 ft/s to the right. 
The fluid speed magnitude remains constant along the vane D- 
surface. : 


(a) (b) 
FIGURE P5.64 


(alo determine the x-ahiechon component of anchering force reguired To 
hold the vane sfatvonary we use fhe stationary Conmtro/ volume 
Shown above and the x- direcfon component of The lineo momentum 


Equation (6g.5-22). Thus, 








F = mY rh tos 94s’) zeA,v, (yr taste) = PZD K Gtk sus) 
or 
p = (Fett stags) (1m) (100 £f) | fro S pese SE F) 
" E (4)(12 ay 
and 
P, = /8/ l 


(b) 7o deferm,;ne the X- divech'on component of anchoring Ixe regu ve 
JD contine the vane to a constant speed of /0 g Ææ the right we 
use A Control volume moving jo the right wilh a speed of jot 
and the x- divechon componen! of the linear momentim eguatron 


tyr A translating contra! volume (E3. 9-29). Thus, 
= o TD o 2) 
eAWw, (Ww s Maas tree p TA w PW t Voie) 4 


We note that- 
- fT C a 
W = v - o tt = (00 f- lor. Go 


Mb 


Thus, Eg./ leads To 


/n. f+ 70 B {f+ 9 
£ = (1-44 slugs Hg Do 7» (* m) (40 ge) + ot £ ees en slug, T ig, EE) 


F+? 4 (^4 2) 


A 








5-58 


5.65 How much power is transferred to the moving vane of 
Problem 5.65? 


Fewer = EV , where from Problem 5.66 Ia - I4 





Thos, 
(Me tb) C0 ££ 
lower = be 2.65 hp 
(oe £4 1b —— 
S. hp 


(1) 


5. 66 


5.66 The thrust developed to propel the jet ski shown in Video 
V9.11 and Fig. P5.66 is a result of water pumped through the vehi- 
cle and exiting as a high-speed water jet. For the conditions shown 
in the figure, what flowrate is needed to produce a 300-1b thrust? (NU EZ 
Assume the inlet and outlet jets of water are free jets. e ! - 9o 






3.5-in.-diameter 
outlet jet 


HIT 
$ eer 

Tn ini 
Thiet ETE 


For the control volume indicated 
the x- component d the momentum 
egvation 


fu V-A dA =£ Fy becomes 
CS 





| y 
o control au 
(Y cas30")o(-ViA,+V pA = Ry rfc 


where we have assumed that 40-0 on the entire control surtace 
and that the exiting water jet is horizontal. 


With m= PAV, =pAaV2 E(D becomes 


Re - m(V, -V cosb) = eM A (Vo - V, cos3o") (1) 
Also, AW =A, V, so. that 

ye A, 25im^ y = 2 goy (2) 
* 2 A (3.5in)- b dila 


By combi ning Eos, (I) and (2): 

P. 4 eV A, (2.60 - ces 30") 

Or i | 
Thus, 

Q =A = (pz tt?) (22.7 8) 23,944 
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5.67 


5.67 (See Fluids in the News article titled “Where the plume 
goes,” Section 5.2.2.) Air flows into the jet engine shown in Fig. 
P5.67 ata rate of 9 slugs/s and a speed of 300 ft/s. Upon landing, 
the engine exhaust exits through the reverse thrust mechanism 
with a speed of 900 ft/s in the direction indicated. Determine the 
reverse thrust applied by the engine to the airplane. Assume 
the inlet and exit pressures are atmospheric and that the mass 
flowrate of fuel is negligible compared to the air flowrate through 
the engine. 





The momen tum ewaion ( x-component) Vi | 3 
(ug dA 7 Z R, for the control volume 
CS " 
shown can be written as 
V e C V), *CV.cos30) p V, A 
+(-V, cos 30") p VA; =~ b. 





E z(pV A) V, * (QV. A, ) V, cos30° t (oV A, ) V, cos 30" (1) 
But from conservation of Mass 

OVA, -QuA 1 ol A, =m = Islugs /s 

Also, Va=Vs so that Eq. (I) becomes 

ky = m (V 1 V, cas30') =9 5If ( 309 Ht + 900 cos 30° £ \ 


Note direction of f on engine and engine on airplane. 


^N j 
P 000 g— 


on engine on airplane 
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5.68 (See Fluids in the News article titled “Motorized surf- 
board," Section 5.2.2.) The thrust to propel the powered surfboard 
shown in Fig. P5.68 is a result of water pumped through the board 
that exits as a high-speed 2.75-in.-diameter jet. Determine the 
flowrate and the velocity of the exiting jet if the thrust is to be 
300 Ib. Neglect the momentum of the water entering the pump. 





BFIGURE P5. 


The x-component of the momentum Eu tT—h Wu 
equation, Suev DAN =E Fe For pp 


the control din shown ts 


(Masse) p 2A, + Cp she =~ R 
Or 


F = PVA -eV A, cao = OVA, jf the momentum of the entering 
water ıs Neglected- 

Thus, 

300 Ib =(1,9% N, (F (ZEN) 

or 

V= 6422 

and 2 3 

Q-A,V. - (275 M) (6,2 ft) = 2.52 f 
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5.69 (See Fluids in the News article titled “Bow thrusters,” Sec- 
tion 5.2.2) The bow thruster on the boat shown in Fig. P5.69 is used 
to turn the boat. The thruster produces a 1-m-diameter jet of water 
with a velocity of 10 m/s. Determine the force produced by the 
thruster. Assume that the inlet and outlet pressures are zero and that 
the momentum of the water entering the thruster is negligible. 





BFIGURE P5.69 


The y-component of the momentum equation 
Sar VA ad = z Fy, for the control volume 
“Shown 1S, 


far eV. aA t Vp Vs As = Fy 


(1) 
If the momentum of the entering water is negligible the equation becomes 


F = EV A, = 999-44 (102 (d (Im) = 74500 KLR = 78,5 kN 
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| 
5.70 A snowplow mounted on a truck clears a path 12 ft through 
heavy wet snow, as shown in Figure P5.70. The snow is 8 in. deep 
and its density is 10 /bm/ft*. The truck travels at 30 mph. The snow 
is discharged from the plow at an angle of 45° from the direction of 
travel and 45° above the horizontal, as shown in Figure P5.70. Esti- 
mate the force required to push the plow. 





BFIGURE P5.70 


Jo e@stimak the ter (eguired +o push the snowplow we use 
EN contro! volume shown in the Sketth above and Eg. 5.29. We 


lect the fichon force between the plow and the yod Surfa . 
* als o neglect y Ate associated hh the Phe deflecting ar 


we. "i tmsider how much tyre js eg 1 rtol fo turn wet Siow 


/ 35 ° 
A the wet snow “flay” we get Kom Eg. 5.29 


f= m (w + w, ws 45°) 





Jince. 
m = pAw, 
we assume W, =W, and get 
E * pAw W Cit wos 15° ) N 
. D." em) 2280 £t) 14-0. m) 
Then _ Ok a = ye «lo hr eta) ( 
x 
a lom = E] 
TE- 
F = $220 (b 
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5.75 Water enters a rotating lawn sprinkler 

through its base at the steady rate of 16 gal/min | , Neil do sf 

as shown in Fig. P5.75. The exit cross section area T eus area = 0.04 in.? 
of each of the two nozzles is 0.04 in.? and the flow yo 

leaving each nozzle is tangential. The radius from M". 

the axis of rotation to the centerline of each noz- 


— — 
— 
--— 






zle is 8 in. (a) Determine the resisting torque À 
required to hold the sprinkler head stationary. K 
(b) Determine the resisting torque associated with N stafion ary 


the sprinkler rotating with a constant speed of Control volume 


500 rev/min. (c) Determine the angular velocity _ - 16 gal/min 
of the sprinkler if no resisting torque is applied. = Q 


FIGURE P5.75 


This is similar to Example 5.17. 

(a) To determme the resisting 70vq ue veguived To hold the gorinkler- 
head stallonary we use The moment -oF -momen Tum 7219 UE 
equation l Eg. §.50). Thus, 


laate = 0555, = CAE, (12 
Ir Vp, We use 
(is Bel \ / da one 
47g - CAUTE) _ 
i nozzle z (0.0% 7.46 Gal 60$ 
ae Exi t in. "n 2) Ss) 
Y= 64/7 £f 
2 2 
With £4./ we obtain j 
71 
pun = C EU LC Ino FEY) 
(7. 8 zt )(60 3- jig in. 
ama A 


2 f. 
eae 2.96 fT. 


(b)To determine the resisting Torque associated wilh a sprinkler speed 
Of 500 réV we use Eg./ again, However, with Fefafitn we haw 





4177 
"Ta m U, dca 
For YW We ase "E Y 
2 M. 
g dal y f nn i = 64/2 ft 
.&R fl £0 hr / awe 5 
"o f4Aepe - (2)( 0.04 fin) E TER) 
(C2n' t ) 
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- rad 
" (8 in.) Goo pax ) C jer) = 34.9) z 
Pag (eee 


Thus with Eg. 2. we have 
- » tt 
"P = 6417 tf 34.0 0 





= 29.26 ff 


and with Eg. / we obfain 


. 0% slugs )(16 £e G in, (2f. 26 P Bo z) 





7 
Shaft sé 
742 94 60 5 à | 
anel ( AS Ep B E 
ro = 435 ff. 
shat ———Ss 


(Ilo dekymine tht angular velocity of lhe sprinkler iF ho resi Shn 
applied we use the Cmbnathon of CES. / and 2 


foygue is 
TO obla 
U sw 
2 2- 
OV ft 
an eM geur D CLR L ap ved 


|) (a in.) 

lhe rotor speed, M is Thus 
M = (44.3 rud (fo) r rev 
= me ee Phir 


277 red 
rev 
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| ea20.5m Nozzle exit area normal to 

| 5.76 Five liters/s of water enter the rotor shown in Video V 5.10 relative velocity = 18 mm 
and Fig. P5.76 along the axis of rotation. The cross-sectional area p^ 

| of each of the three nozzle exits normal to the relative velocity is 

18 mm?. How large is the resisting torque required to hold the rotor 

| Stationary? How fast will the rotor spin steadily if the resisting 

torque is reduced to zero and (a) 0 = 0°, (b) 8 = 30°, (c) 8 = 60°? 








EFIGUHRE PS5.78 


Jo determine the torgue reguived tp hold the wobr stationary 
we use the moment- of- momentum Torque uation (&4.5.50) 





JO obtain 

lshake * m gat m T B (1) 
We note that 

m = /? Q (2) 
and g 

V. = (3) 

out 34, oye 

Cx 

Combining Egs. /,2 and 3 we gef 

= _ pak, , COS 6 (4) 

shaft 

v A nozzle 
exi 


Jo determine the voter angular velocity associated with zero 
Shaft torque we again use The moment- of -momentum Torque 
Cguation (Eg. 5.50) To obtain this time wth rofation , 


P 


E « CÓ - 
spat p = out (W puy "m ur ) (5) 
We note that 
Vout = our P (6) 
and 
e 
ou] 
nozzle 
exc 


5.76 (con't) 


Combining EGS. 25 6 And 7 we gef 


Lu "ree, (TE Io ae. (9 
2 
(4) For 


O= O0 we use £4. Y vo get 1M 
Jers)” fn, o) (1000 mm 
or (10% LE) (S 18 mm) 





- ZIL N 
lenat DL 
From Eg.8 we obtam tr Ty, = 0 
ai =e (ORO . (E Likes) cos 0°) (1000 a 
F Anos se ABIT SL PU EET D p. YER = /8S rad 
eit 4 12mm?) 000 liters \O.5m) = 
(ty 9» 30° we use Eg. Yo get n 


= (994 #3 (E LEJ (6, 5m) ( cos 30°) 1000 E LL 
p, 29 





shat} (1200 Liters ) (37 (18 mm) 
or m? 
m gi I 
Fron E3- Ê we: obhun for P eo Q 
w = CSE) Cu uuu T7) -pgo vad 
T Hn) 1000 PAR) m? 





(C) Foy O = 60^ wt use Eg. V fo gef i " 
"n _ (979 £9 ) & tem) (0.$m )C cos 60°) (000 2 ) fry 
shaft} ee a pnm 

(1000 sikere) (3) (1? mn,*) 








oY 
n = M. m 
Shaft //6 
Frum £4. f we bna tw us O 
g lj pers e 100 mm)” 
uà CR geene Cee 7) = qas md 
2) (18 my 7020 litri) / o, aS ae 


5.77 


5.77 Shown in Fig. P5.77 is a toy "helicopter" powered by air 
escaping from a balloon. The air from the balloon flows radially 
through each of the three propeller blades and out through small 
nozzles at the tips of the blades. Explain physically how this flow 
can cause the rotation necessary to rotate the blades to produce the 
needed lifting force. 


As the ar flowing radially our 

through each propeller blade 

turns to flow out thraugh the. 
nozzle at the blade tip, 

j4 exerts a tangential fre 
Jo the inside surface of the 
Shade. Fur ther y Phe yelocity 


Increase of the d flowing 





out of each nozzle results in 
Add; fonal force. In the opposite divecti0n. These Lyo 


toyces move the blades Counter clockwise ás 
Shown. The r otatin bi Llades experience a lifting 


foce ton the air flamo over the blades because 
ot the downward turning of the ar. 
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5.78 Q = 30 m3/s 


5.48 A simplified sketch of a hydraulic tur- 
bine runner is shown in Fig. P5.76. Relative to 











0.4 
the rotating runner, water enters at section (1) E É L 
(cylindrical cross section area A, atr = 1.5 m) ACHATS J fi 
at an angle of 100° from the tangential direction i Y 
and leaves at section (2) (cylindrical cross section | —— 
area .A, at r; = 0.85 m) at an angle of 50° from l ! control 
the tangential direction. The blade height at sec- e- volume 
tions (1) and (2) is 0.45 m and the volume flowrate x 
through the turbine is 30 m?/s. The runner speed gotið (20 
is 130 rpm in the direction shown. Determine the — MÀ zá É 
shaft power developed. FIGURE PS.78 4 à 


The stationary and nôn- detomin Cf volume Shown tn 
the sketth is used. Eguatim 5.53 Can be used 70 defermine 
to determine the shaft power. Thus 

M ori "PIS t tt, (U Voa) i 
With the conservation of mass eguahon we Can conclude that 


i r 3 
m =m, = € = (1979 4 oom) - Z0 000 ka 
The blade velocities are easily obluihed as tolls. 7 
rev ) (277 faa 
Uz rig aL Sm)i/30 Fen) mv/- 204m 
/ / Es ———— s 
60 3. 
"in lad 
U-tw - (285m (130% JCT re) =- //4 m 
(60 £ d 


Min 


lhe tangential veloci roe Vo 2 and Vg may be obtained 
with the help of the velocity triangles Skekhtd below. 





5. 78 (con't ) 





With the velocity friangle for section (1) we see that 





9, * Uo + W ir v G) 
Also 
W Cos fo = V. a, 
and - 
ea - 2 707 
ri 3 ee 07007 B 
^ enr, h, Zr (1.8 m) (0.45 m) S 
Thus 
_ V m | 
w= - rE! no 
Cos Jo* COS /o° 5 
and with Eq. 2 
V - 207 m m ; o m 
à a (7 m)smit = 21.6 m 


With the velocity Triangle for section(2) we conclude that 


Am = U, -W,Sin 40 (3) 


(con't ) 
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con't ) 
Also 3 
; Q e@ (30 F ) 
W cos40o = Vr, = — = — nac i caua ws (2:9 MU 
i A, —2Tkh, 2 (0.85m)\(a45m) e 
and 
wm 
Mr Ju |, UST) rom 
COs 40° COS to^ 
lhus  frem Eg. 3 
- 3m)sn¥o = L2 7 
^P = k z - (6.3 & ) E S 


Finally , with Eg. | we obtain 


us Enon feng 


W 
shaf4 


6 
~/2.8 X/0 Mm = -/2g x /0f W = 


ay 
2) + (30,00 ki " fog 
53 


-12.8 MW 


The wminus sign means Power out of the contol volume . 
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5 79 


5.79 A water turbine with radial flow has the dimensions shown in 

Fig.P5.79. The absolute entering velocity is 50 ft/s, and it makes an 
angle of 30° with the tangent to the rotor. The absolute exit veloc- 
ity is directed radially inward. The angular speed of the rotor is 120 
rpm. Find the power delivered to the shaft of the turbine. 





Section (1) Section (2) 
BFIGURE P579 


Ihe stationary and non- detor ming contro! volame shown m the 
sketch above is used. We use Eg. $.53 fo determme the 
shaft power involved. Thus 


= -mUV (n 
Y hati 4 v T | 

The mass tlowvate may be obremed trom (2) 
Mi = 2a A yey, fer A 

where 
^7 ia radial component of velocity af section(s) 


Ihe blode velocity at Secfam(l) 1s 
] á zo rev)(27 vad 
U = pan (2 6o Be)? lage 





— 25,1) f? 


ES E j 
Puy 


The values of V, and V May Ge Gree with the help of 


ĝi 


a velocity triangle for the flow af section(s) as sketched below. 


A 


Vi 
yi 


o 1 (con't ) 
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(con't) 


With the velocity triangle we conclude that 


= n 30° = 2 es Ae ya 25 ff 
V, V 330 -Vcoséo = (So £t eun 30 J- 25 2 


Then from Eg. 2 
= (194 sug fs fF ) 2m (2 £1) ft) - 6/o Slugs 
E msn 


FP A 
Ako with the triange we see that 
o . o e 
L, = V 005 30 = Vy siné0 = (50 P ) (Cos 30 = 93.3 tt 


Then, with £3. ! we dbtam 


- (610 9 aud / ft 13-9 ¢ 3 ft Can C P 
M usb slug. P 








£ 
W - — 66xI0 ft. lb 
shafi — we 
In horsepwer we ha 
: = _ 63x10 ff: tt ) =-/Z00 hp 
he ix ($20 ff EUR == 


5 .Ap 
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Exo | 


5.80 Shown in Fig. P5.S0are front and side 
views of a centrifugal pump rotor or impeller. If 
the pump delivers 200 liters/s of water and the 
blade exit angle is 35? from the tangential direc- 
tion, determine the power requirement associ- 
ated with flow leaving at the blade angle. The 
flow entering the rotor blade row is essentially 
radial as viewed from a stationarv frame. 





—— 7 S eus . 
m i 


FIGURE P5.30 


To determnune the power, Walt , we use the moment- of - 
momentum Power equafían 2/4 53) fo oblin 


W paft = m U Vaa hs peu z A (1) 


z 
nefn 
We obtam U, from yad 
U - kw = (15 em ) 3000 rpm ) (2m $E) 
cm 
(100 €.) (60 È ) 


Jo determine V, , we use the velocity hran gle S ketthed below. 
/ 


= 42/2 m 


4 








2 
35° ^ 
to get 
V 
bar Uwe 
Tan 35^ (3) 
For Ua "e ae 
likers 100 €@\ (100 € 
| Pa RE ox». d dn yr E) none 
Eu VR zmrh (1000 Liters ) 2T (!& em 2 em) 
m? 


580 | (con't) 


From Eg.2 we obtain 





tan 35° 
Thus with Eg / we gef 


iy = ( & entes gyre g y) 


ner in à 
( (200 eet) y c 


m3 
Or 


S | 


5 
2.42 X/0 A.» 
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Nyy 
5, 6/ eet x Stahonary 
| © Contro 
à 1 : ae on 
5.61 The velocity triangles for water flow e A volu T 
: lia LORS ne CRM T 
through a radial pump rotor are as indicated in VPN OS ` 





Fig. P5. 1. (a) Determine the energy added to 
each unit mass (kg) of water as it flows through 
the rotor. (b) Sketch an appropriate blade sec- 
tion. 


FIGURE P5. 1 


(a) 7e defermme the energy per unit mass added to the water 
flowin 4 Through the  rofov we use the moment- ol- momentum 
work eguation (Eg: S-54) 72 get 


uy, tuu t) 


Wepafp = a he 


yet 1 
We vote tram the sechon (2) Velocity triangle that 
ose U 


ez 2 


70 ascertam er we note hom the sechon()) velocity 7 nengle thet 


/ 


= n 20° 
Va, = V, fa ( 2) 


/ 
From Conservahon of mass between sections (1) and (2) we centhe 
that 
V 4 =% V A, = w A. 


ri d 


Or 
= Az = W E UY, m 
ae ge a 2 E = Wy ur = (76 my ( 2] 22 m 
With EL, Vei 7 (82 #)(0.577) = / 9-48 m7 (8m 
Qnd with Eg. | we Meis E 
afe 7 nci (ayn zer = 4 e 
NEF jn 2 
(con? ) 
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5,81 Con't ) 


(b) An appropriate blade sechon would be apprximakly tangen? 
to the sechon (1) and secthon(2) relafive velocities, Ww 4nd 
20 The relative How angle tim the. radial direchon af 


section (1) ıs 


PE jan PA Ter] «à dias iu 296° 
7 
ki 


52 


The relative tow angle tom the radyal dwecton at chl) 
js O°. Jhus, the blade sechos jis as sketched below. 
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E Ge, | 


[W,| =|, 
§.82 An axial flow turbomachine rotor involves the upstream (1) laf 
and downstream (2) velocity triangles shown in Fig.P5.82. Is this l U, = 30 ft/s Ww. U, = 30 ft/s 
turbomachine a turbine or a fan? Sketch an appropriate blade sec- V 
tion and determine energy transferred per unit mass of fluid. S x f Ve2. 
l V, =20 ft/s 60°\/ — 


BFIGURE P5.82 


We can determne whether the axial tlw jurberachune 
Involved is a turbine or a tan by comparing Phe direch 
of the sift force on the vote blade section with the 
direchon of the blade velocity U. IE the lift frre ond 
the blade veloci ty are in the same divechon a turbine i$ 
involved . If the lift force and blade velocity ave in 
opposite directions, a fan is involved. The divechon af the 
Jit? force can be mferred form the Shape of thé rorr 
blade sechon sketched to be tangent» the relative flows enterng 
and leaving the vofor mw. 
the entering relative fiw. angle, f , tà 

B= tin UD an BOF) _ 653° 

: juf 3. 

Thus, the voter blade sechons skethed beln) are appropriate 





5. oc 


con't ) 


Since the lift force Acting on each rofe blade secnon 
is in the same direction as the blade velocity we 
conclude that this turoomachirnue is a turbine 
The energy han fned peor unit mass ís the shaft 
Work Por unm? mqss , Ww shaft ' which we Can dekrmme 
with Eq. 95.59. AUS 


Uh aft cas lid [54 " 0) 


From the Veloci4 y triangles we obfam 











- = 108 sin bo” — U, 
and 
2 = = E 
W- wW. Ve v 
Thus 
= a 2 ganlo- U 
dun E » ) 
Ww "PT (5o f: ! Hp +) , " "m | lb 
shafi i / (20$) + Gott) sinbo° — 30 T dy. A 
E dus 
dou. - 868 ff. 
Shad} — slug 
or 
We th? - 36.9 fi. lb _ niy FA 
shat Slug (32. 2 tbe lom 
ke) 


?- BO 


5.83 An axial flow gasoline pump (see Fig. P5.83) consists of a ro- 
tating row of blades (rotor) followed downstream by a stationary row 
of blades (stator). The gasoline enters the rotor axially (without any an- 
gular momentum) with an absolute velocity of 3 m/s. The rotor blade 
inlet and exit angles are 60° and 45° from the axial direction. The 


pump 


flow as being tangent to the blades involved. Sketch velocity triangles 
for flow just upstream and downstream of the rotor and just down- I 
stream of the stator where the flow is axial How much energy is | 
added to each kilogram of gasoline? Is this an actual or ideal amount? | 

| 


annulus passage cross-sectional area is constant. Consider the 





mean radius blade 


| 
| 
60° | sections 
] 
| 


) 
-~ BFIGUR E P5.83 


The velocity triangle for Flow just upstream of the rotor is 
SKefched belw tor the avithmetic mean radius. 


V = 3m 
S 


With the triangle we conclude that 
w =V 1.37) _g m 
A 


and ; 
U =W Sin 60° = (6 ")sméo = 5,2 m 
iz i 
| * fcon't) 5 
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| 5.483 Cont) 


The velocity triangle tor Flow just davnstream of the rotor is 
sSketthed below tor the arithmetic mean radus. loy 
incompressible flow Vi, = V. For mean radis tlw YY. 


Thus fer relative tlw tangent to the blade we obtain the 
velocity triangle sketched below. 





With the triangle we Conclude that 
^ -U-W aU V tants = 5,2 m- Gm) tints = 22 z 





Z 2 ez 2 
Also 
- tan [Yor Jan. 2.2.2 o 
Et —— Qo Ff Se) m ils 
Vy 2 (F d 
V (3 2 j 
W gi ica - = 427 £2 
Cos 4$ Cos yes Ss 
V. 4 ME - ou a a B72 2 
Cos @, cos 36.2° E 


Using the stationary and non-detovnrng Cont! volume showy 
above m the first Sketch of this solution and E4. 5-54 we 
can Calculate the energy Added w each kg of gasoline. 
Wey fe ^ U Vo = (R2 PX nas * zT = 
This js the actvral arin? of Pagi ^ d defivered du ae asohne . 
However, not all of it is absorbed by the gasoline , some is Jost. 
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S54 — Sketch the velocity triangles for the flows entering and 
leaving the rotor of the turbine-type flow meter shown in Fig. 
P524. Show how rotor angular velocity is proportional to aver- 
age fluid velocity. 





Magnetic sensor 


FIGURE P5.2* (Courtesy of EG 
; & L 
ia id y G Flow Tech 


Fa a section of the furbine blade at radius r, the blade 
AGES: tanger telly with a velocity U= Fæ. The veloci hy HH 


triangles may be shetehed asy Shawn. 
Wi 
~ 
Uu 
U 


6; 
V Lo 


Ss 





Wz 





U Voz 


Using Eg. 5.50 We gef | 


D Veíit fede Vis, 


fov Nearly IWO To afi 
Ü = Vi, tat A - U T V, tanp,- Y 02 


50 
D-E Vx 2 an e, 











2,065 


5.95 By using velocity triangles for flow upstream (1) and 
downstream (2) of a turbomachine rotor, prove that the shaft 
work in per unit mass flowing through the rotor is 

Vi = Vi + U$ — Uj + Wi - Wi 


Wshaft — 2 
net in 


where V = absolute flow velocity magnitude, W = relative 
flow velocity magnitude, and U = blade speed. 


Any set of velocity triangle for Flew through a turbomachire rotor 
row would give the same sult. We use The tangles of Fig. PS§.77. 


Vy y 


ai a l 


V 
V, C2 
/y 
Fram the in /e 7 flow Ve loci ty Triangle we ge? 
2 T 1 
Ve. g 4 ~ Ve , í) 
and : 
2 L 2 1 $ 
A = W-(4%,+U ) " We, -z2UV -u (2) 
Combining Egs. | and $2 We obtain 
2 2 2 
rym Mar eae (3) 
4 O0), 
Z 
From the outlet flow velocity triangle we ger 
2 L 
Wa A zT (4) 
| and 
sW, -W'-Uu» 2U V, -V (s 
Lt Wr) Wi-u UY y (s) 
| 
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5.91 A 1000-m-high waterfall involves steady flow from one large 
body to another. Detemine the temperature rise associated with this 
flow. 


This is like Example 5.22. 
Jo determine he temperafure Change Wwe use the rela tionship 





para. - í) 
C 
2E Btu 
Where the specific heat , ca / lian A We use the energy 
equation (Ez. 5.70) fe obtain 
U,- E = g62,-8,) (2) 
Combs ning £35. / and 2 yields 
T = J = g (2, = ay) 
C 
or 4 
9) m \ {1000 m Y [0.4524 f 05556 K y IN 
]- 7, z (f f Y (€ ? fe on | ry. 
/ 0 ae i d 
(7 i I Jf / 55 Mam 
ana 
7 E = 234K 
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58s. Con't ) 


Combining EGS. 4 and $ we obtain 
2 = P 
UW ER) 


p xu. = 
Z 


2 02 


For the set of Velocity triangles 


waa 7 UM, * Uu. 
het In 


Combining EJS. 2,6 ana 7 We obtain 


2 L 
gy a uw Ww, 


= Dorem 
W sha f+ 


AC? m 2 


(6) 


(7) 
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5.70 Is a necessary condition associated with 
application of the Bernoulli equation zero heat 
transfer? Explain. 


From E3. 5.78 , we conclude that te application of the 
Bernoally eguation (/os$ = 6) 
sd y 
I net [a Qut ü u^ 


Thus the heat transter , 4 nek 3 with Application o7 The 
Bernout li eguali tv) js pet hecessari ly 367. No. 
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2.297. 


5.92 A 100-ft-wide river with a flowrate of 2400 ft/s flows over a 
rock pile as shown in Fig. P5.92. Determine the direction of flow 
and the head loss associated with the flow across the rock pile. 





HFIGURE P5.92 


7o ole term ine. the direction of flaw we will assume a arte, 
Use the energy equation CEs. 5.8F ) and cakulek the. | 
head doss. IF the head loss js posihwe, ouy ASSumed ditch, 
of How 4S corect. I£ Mhe head Joss 15 negahive whi ch Af not 
Physically possible, ouv assumed direchorn of flaw /s Wiring; | | 


5o. a SSUM g the tw is tum right To lef} ov ham TETH 
pomt Gi) to Pomtl2) im the sketch above, We get | 


Using EG. 5. 8Y O, »o shaf} wok 








M. 
m = e = (2400 B J = 6 £+ pe aia 
A | 





V, 
(4 44) (100 f?) 
and y F” G = (2400 Œ ) b 2 ft | 
2 AL Cz Hof?) ‘e "sa oo 
La 1 | 
Se Sigg b tt /2 ft 
] = — e LÉ1?2-2 = (4) l PH 5.25 L| 


A 
dice ee REA 
b) 4 44 2 (F2.2 £t) 262. 2E) 


h, = 0.32 ft and smee h_1s posit. , cur assumed | 
right H- felt fh jr Cowect 


ba 
-L | 
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5.93 


5.93 Air steadily expands adiabatically and without friction from 
stagnation conditions of 690 kpa (abs) and 290 K to a static pres- 
sure of 101 kpa (abs). Determine the velocity of the expanded air 
assuming: (a) incompressible flow; (b) compressible flow. 


~ 


This is rar To Exam ple 5.27. 
(a) For meompressible fiw, the Bernoulli eguahm (, Eg. $./04) 
applied to ad labatc and tWwichmless tlw trom the STAG nahon 


State w the staftc state leads to 


V 2(R - P) (1) 
Where. the ideal bud € t o1 o. of Sfate yrelds 
PME ^ 
o RT (Z) 


t 
Combining Egs. land 2 results in 


T 2(Z-P)RT, 
f, 


or 
TR 2 (£90 kPa (ats) — [0I A255) | (286.9 rr Een 
690 hfa (abs) ( Pras 


| and " = 


Å- 
—— — 


^[3 


compressible flat, E3. S-13 applied œ adiabatic and 


(b) For 
tly, trom 7he Sfagnaheon state fo the Static state 


| frre than less 
leads to 
ew EAE. (3) 
V ^ (<4 ) Mo f? ) 
However fo this process 


FÉ La constant 


24 
e (Con? ) 


£57 


5.93. con't) 


[hus A AE) (4) 


and combining £g. 3 amod y /eadr fe 


Vo FER /£ - P (5 
( P4 ) 


With The ideal CGuUATION "m Susi ( &. 2) Eg. 5$ becomes 


- Jeter -gE 












or 
pee 
y= | atem (eret gry nk- feta T9 
( Ég. pm) 
Qud 
V = 590 
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5.94 A horizontal Venturi flow meter consists ÜR EUN. eens 

of a converging—diverging conduit as indicated in wee 

Fig. P5.99. The diameters of cross sections (1) control veume 
and (2) are 6 and 4 in. The velocity and static 
pressure are uniformly distributed at cross sec- = 
tions (1) and (2). Determine the volume flowrate 
(ft/s) through the meter if p, — p; = 3 psi, the | 
flowing fluid is oil (p = 56 Ibm/ft?), and the loss MESS E 
per unit mass from (1) to (2) is negligibly small. FIGURE P5.9't 






The contro! volume shown m the skerb above is used. 
App lication of the conservahon of mass C3 AAT 
CEG. 5.73) Jo the (n con pressi efe sady How throug, this 
Cont! volume leads fo 


Gl = AV A, V, (1) 


Application of the energ y eguation CEZ. 5.79) To the Haw through 
this control volume yields 


2 
mu oe "E (2) 
7 2 (? 2 | 
C ombnmg Egs. / and 2 we dbfain 
3 2 
KIA . RE, 
P A, l F A 2 


NH- 


Or 


& 
\ 





TIS gj te isa 


(XA) (ma 


Jy 
Jd tt L 
Gl = Has 6E prie m 2g 52 i 
(56 my | 3 
| 13 
f gon n 
72 e ) n. aizin) 
= 2/7 ft 
E == 5 


SF 


5.95 — Oil (SG = 0.9) flows downward through a vertical ng | 
pipe contraction as shown in Fig. P5.95. If the mercury section (1) 

manometer reading, h, is 100 mm, determine the volume 
flowrate for frictionless flow. Is the actual flowrate more or less 
than the frictionless value? Explain. 





T 


ae 


The volume, tlowrate an be objaned with FIGURE P5.95 


Q - AV, = ALY, 


of 
To determine either V or V, we. Apply the energy eg uation (Eg. 5.82) 


to the flow between sections (1) and (2). "hart, neglect 


Bs Bega Zt ga, + Hat- bs 2) 
fin 
"f Egs . / and 2. we obtain id | 


4 [ i (8 ] = RIA gs) (3) 


To determine E E we use the manometer eguation tim, 


1 
TRY = TB A) 


u 


Sechon 2.6 To ahs baie 


Pe pe » 
Lm a gh( set - 1) - 9-2) (44) 


Combining Eqs. 9 and 4 we get 


29h35, - | ) 









V = 
j Eji 
OY z 
kd UMS m)( S -1) 
org ee—————— —H— ex PAN B 
100 mm o 


200 mm. mm 


and trom, Eg ./ wt have 
2 
Q = mem) 6:27 ) = 0.042 m" 
4 S 
Actual tlowrafe wonld be dess than the trichonkss véluc because 
He loss would be Sreakr than the 3em amoun! used above. 
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5.96 An incompressible liquid flows steadily along the pipe 
shown in Fig. P5.96. Determine the direction of flow and the head 9.75 m (à) 


loss over the 6-m length of pipe. 












omes 
m MN » 
QM ro 
[iss 
LESSER ETT Bm 
Are ze apum 
i VA 






Assume flow from (1) to (2) and use the aad 
esuathion (&9.5.84) to get for the contents of the 


Control volume Shown: 


2 7 
fa ore ae +Z +K-h 
Y 29 ° X 2g zr X 
Thus 
h = f - R+2-%, = 3m ~ Om — 1.5m = 0.5 m 
f K = 


daa pie ÉD sö A the assumed direchon of How correct. 
R ! 


The flow is uphill. 
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5.97 Water flows through a vertical pipe, as is indicated in 
Fig. P5.97. Is the flow upor down in the pipe? Explain. 





FIGURE P5.97 


The control volume shown in the sketch above is used. 
fo steady, incompressible flow downward frm (A) to (8) 


we obtain fom Eq. 5.1 





2 j bs Jte ~” a + 775 P. 
From conservahon of mass we conclude that 
Va = Va 
Thus trom Eg. / 
a 8, - 3H + ants 


However the manometer equation (see Section 2.6) yields 


at ^ gf h(i- 56,) - 4] 
and 


41955, = gh (i SG p ) 

which is a nega five Quantify Sce 56, -/3.6 . A negative 
Joss js not Physically possible so the fow must be 
Upward from 8 to A. For upward Flew the above anmysis 
leads fo 





5/955, = Gh (56, -1) 


Which is positive and there fore physi call, yeasonable . 
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rae 


5.98 A circular disk can be lifted up by blow- 

ing on it with the device shown in Fig. P5.98, 

Explain why this happens. T 
attached 
to tube 





FIGURE P5.98 

Applying the energy equation (€. 542) fo the tlw tam section) 
anywhere within the space between the two circular disks fo 
section (2) at the exit of the flow between the two disks we obtain 


& BOR = fy y` — loss 
d 2 fg N 
We note that the exit pressure, p. , i$ py . Thus, Eg./ becomes 
2E ro 
rele, @ e(t + SS (1) 


Wilh conservahon of mess -i conclude that 


yr4H_y % 


/ + A D 


/ 


Whi th When Combined wilh Eq. / yields 


P= Prim + ex fie np] 4 loss (2.) 


WE Conclude with £4. 2 that the prssues Within the How beween 
the 2 disks are mostly less thar pp, Sec BER and 


loss is gmall. An e xttyhon is the Siagnalion pressure where she 
tube flov smpacts on the later dlik. The less han abmayhen 
pressure Value of p vesult tn The disk beng Ltted up. 
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5.99 A siphon is used to draw water at 20 °C 
from a large container as indicated in Fig. P5.99. 
Does changing the elevation, h, of the siphon 
centerline above the water level in the tank vary 
the (lowrate through the siphon? Explain. What 
is the maximum allowable value of A? 





FIGURE P5.99 
Ihe volume flowrate through the Siphon is related Jo velcity by 
the eguation 


Q = VA 


where A ìs the constant? cross sechon area of the siphon. Thus 
V is Constant throughout the siphon, 

Assuming $5 teady ; scam pressi ble Show without fichon allows us 7b 
use the Bernoulli eguation between any two pow ts along a 
path line . Thus 





or 

and it appears as if Vy and Yhus & /S Constant and independ en} 
of the ule of ^. 

However, if the Bernoulli equation is Wyilten tor flaw between perd 
2 and 3 we obtain 





B-A | 


(2 
Gna we conclude A Since R= =P, , as h beanes danger, P bec emt smaller 


The maxamum value of h is associated with the minimem Value of B which is 
the vapor pressure oF Water. Thus "a CA G.2 


JA 24-A. Um m A )-(2: 332 X 0 X) | | 


= 9,06m 








max 729 iuf 22 E) ERU Ae) E 
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5,/00 A water siphon having a constant inside diameter of 3 in. 
is arranged as shown in Fig. P5.J00. If the friction loss between 
A and B is 0.8V*/2, where V is the velocity of flow in the siphon, 
determine the flowrate involved. 








AWEN e: an 
Paty bi y M Jy 
bi BATAS s. 
IER RR 





FIGURE PS5., 100 


Jo determme the flowrate, a, we use 


dio du le (1) 


lo obfoin V we Apply the energy e$ nation (Eg. 5.82) befwten 
Points A and G in the sketh above. Thus, 


0 o Ó 
a as Ye 5 
== e g F/A 4+ 
2d +7 7% e . s gus d Ad — [OSS 





Quid with Eg. | 
2 
Q - fr Bn.) [E E) 


Y (144 in S 


5.01 


5. lO! 


rate of 1000 Ibm/s. The pressure just upstream of the valve is 
90 psi and the pressure drop across the valve is 5 psi. The inside 
diameters of the valve inlet and exit pipes are 12 and 24 in. If 
the flow through the valve occurs in a horizontal plane, deter- 
mine the loss in available energy across the valve. 


Water flows through a valve (see Fig. P5.j0J) at the 


FIGURE P5S.{O! 


The control volume shown in the sketch above Is used. 
We can use £g. $.77 70 defermne the loss m ava/lable energy 
associated with the h compressi ble , Steady How thr ough this control 
volume. Thus , 
Joss = 4-R a y- 
Z 
From the conservation Of mass principle 








y ee: ee ee 
© pA, pup 
and ; T 
y= & 
2 PTE 
£4 
hus 
loss = N-A Jet. a 2») 
P 4 
f 
joss = (50 7 ‘Yon ORAN E) F at lr m) 4) A ) (ain) ^ db 
SGY Slugs /2) Zl in 
1.94 Slugs 52.2 Ib, (lef (ati 
fy a er^ sug d 
loss = 9600 ff. lb 
slug 
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§.102 Compare the volume flowrates associ- 
ated with two different vent configurations, a cy- 
lindrical hole in the wall having a diameter of 4 
in. and the same diameter cylindrical hole in the 
wall but with a well-rounded entrance (see Fig. 
P5.102). The room is held at a constant pressure 
of 1.5 psi above atmospheric. Both vents exhaust 
into the atmosphere. The loss in available energy 
associated with flow through the cylindrical vent 
from the room to the vent exit is 0.5V 3/2, where 
Vis the uniformly distributed exit velocity of air. 
The loss in available energy associated with flow 
through the rounded entrance vent from the room 
to the vent exit is 0.05V 3/2, where V, is the uni- 

formly distributed exit velocity of air. 


This is like Example a 2s 


4 in. 


Jh 


—- 


fw 


I 





>> 
- PU Pim deseen 


section(2) 





FIGURE P5.102 


The Volume flowvafe fov each ven? con hgurahon is oblamed with 





Q 4k = TR OV (12 
ej 
and the exit velocity of Cach Vent is obtained wilt Me energy G vahon 
(£8. $2). Thus, 
o O 
y^ 2 
= w. 857 GR + I 2 )—/oss 
2 
Oy 
V. Gh EE 
z 72 2 
aud 7 SS 
Zp- 
PC rn E, ) 
For The cylindrica! vent with an abrupt Chivance, Eg. 2 lead; jo 
ZVOUWS psi) (144 wae 
(238K MATEOS M. 
A34 P 
Gnd with 6.4 we obtain 42A : 
2 
- Plia) Gz} fH) = 30.4 f 
Q tregt Cutan f PE 1 ud j — Fo 


4( 19 m. 


vent : > 
for the cylindrica] vent TA a rounded entame. p &.2 leads f 


(2) (15 psi) (144 2: ) 


239 x10 Slus y, lo 
l C m FEEN ‘ug. f) 
and wilh Cg, we oblan Se 


Z 


GL rinta erae a zs 
vent uu 4 36-2 ) 


>- 99 


qr in.) (HS8 H) e X-.3 


4c gp ft 
*y 


——— 


———————.— 
—— — 


ft? 
by 


5.103 A gas expands through a nozzle from 
a pressure of 300 psia to a pressure of 5 psia. 
The enthalpy change involved, h, — hz, is 150 
Btu/Ibm. If the expansion is adiabatic but with 
frictional effects and the inlet gas speed is negli- 
gibly small, determine the exit gas velocity. 


because of the appreciable pressure drop involved in this gas flow 
we consider this problem fo inVoWve compressible Haw from 
Eg. 5.7/ we OLAI 


A J2 (^, -k ) 
2 /150 T e) fins ftu f+. Ib ("^ lon, m tE) 


2740 f! 


5 


N 
| 





cr 
Nt 
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5.{04 For the 180° elbow and nozzle flow shown in Fig, P5.404, 
determine the loss in available energy from section (1) to section 
(2). How much additional available energy is lost from section 
(2) to where the water comes to rest? 


p, = 15 psi 
Vi = 5 ft/s 





FIGURE PS. 104 


lor sol ving the firs t part of this problem, the control volume 
shown in the sketch above is used. To determine the oss 


accompany ng flow trom sechm / fo Sec hon 2 Eg. S, 79 Cén be used 
as follows. 


E. 0 
desc och JA o ia ^ JE,- 2.) 
2 7 2 
$ nce X-y Loordimates are speci fed We ASS4ame Mat Jhe How 
/$ horizontal and 2,-7,=0. Also, pu s O pi. 


Fro the comservation Of mass Principle we conclude that 


Y= 24h “(7 ) 


Thus 
5. Ul gr S l 

1055, AT "Ef ( J 

7 
i joss & d t yv O mA RA 0 #) opis /L 
lugs Su 
a s UP 

plese w og Ch 


slug 
For the second part of this problem we consider the How of a 
fuid pov cle. fom sechon 2 jo a stak of yest,4.£9. 679 leads +o 


15, = 4 


Note that we fue assumed that he Per F ache og Es 


Thus LN » lb 
loss, = X MIR )- Y(2)-6€ Lage M 


, 055, = zd Fik 
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5.105 An automobile engine will work best 
when the back pressure at the exhaust manifold, 
engine block interface is minimized. Show how 
reduction of losses in the exhaust manifold, pip- 
ing, and muffler will also reduce the back pres- 
sure. How could losses in the exhaust system be 
reduced? What primarily limits the minimization 
of exhaust system losses? 


We apply the energy Eguation ( &%.5¢3) To the How tam the 
engine block , exhaust manifold mleta ty fhe exhaust Sys Em 
exit to get 


z 2 
fi 2 # (“out - "AC + po( loss ) C ) 
With £g. | we see that reduchon OF loss m the exhaust 


System results im a lower value of B, and thus rhe engrre 
back. pressure. Losses in tae exhaust Jy Ava could be 
reduced by Eliminat 9 "mqjev [oss componeng such as the 
Catalytic converter ana the muffler as 1 offen done 
wn Face Cars. Howe vey noise and emissions legislation hiaits 
the extent to which fhis kina of loss reduction can occur 

in convenfronal yehicles. Some loss reduchon Can ako ocur 
by Configuring the exhaust Systm piping wilh fav bends 
and aypro priae area ajstvibufons. Howe Ver, 

vesuireménts often leads fo bends and turns 1% the pipm 
and Costs limit the extend of opti mr ing area aom bub ms. 


S-loz 


5.107 (See Fluids in the News article titled “Smart Shocks,” Section 
5.3.3.) A 200-Ib force applied to the end of the piston of the shock ab- 
sorber shown in Fig. P5.107 causes the twoends of the shock absorber 
to move toward each other with a speed of 5 ft/s. Determine the head 
loss associated with the flow of the oil through the channel. Neglect 
gravity and any friction force between the piston and cylinder walls. 






Efi pap EST = 
— S ^ m 
= iey (ES sy ar 
“44 4 MET ze TE 
m = E 
- a A^ — ca ^ m t 
a — 
qLIT cw 
mi ey —2—. n qe 
—- — | - 
—— 


From a force balance on the cylinder 
PA, -fa Ne = 200b 
or with =0 


g = 2.00 1b/A, - 200 Ib/ (E (sk IY") 


= 3, 67 K10%a = =25Sp$i 


From the energy equal jon, 


f tu - -h, = fax , where 


2*2, ^ 02s De DW and f, 70 Assume 6 50 JA. 
Thus, 

wt 3.67x10" T " (s £y 
he tag = (s) 


aS = 734 H 0.3881] = 73411 
rs 26228) Hs Zoe 


200 Ib 
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5.108 What is the maximum possible power output óf the hydro- 
electric turbine shown in Fig.P5.108? 





Turbine 
B FIQURE P65.108 


for flow trom sechon(1) fo sechonfz), £4. 542 yields 


zZ 
2 
a + Aga - EY EFE 7 “syafty - S n 
P "d =- / z net in 
/"ce z = = = 
^ D eR aR W M Eg./ can be expressed as 
4€7 in ne? out 
Pa 
adi = 9(2-2)- V -/oess 
het out - 


The maximum wark Or Power out pul is achieved when loss =O. 








Thus 
= W = m (2-2, " A 
Wt shal} L3 E 
net out net- out 
Maximum P VERI 
Now " 
m = oV A, = pl, TD ae 4710 48 
4 if 4g s 
and j 
Ws, 4 #4710 ^3 G m ( 50m) - CF 
ne? ont d zy z) )- B) fen T 
MAXI mum 
. e 
Wa = Z220 E = L2MUW = 2.22 p 
net out mE 
maxínmur 
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5.109 The pumper truck shown in Fig. P5.109 is to deliver 
1.5 ft?/s to a maximum elevation of 60 ft above the hydrant. The 
pressure at the 4-in.-diameter outlet of the hydrant is 10 psi. If head 
losses are negligibly small, determine the power that the pump 
must add to the water. 





60 ft 


ee — u — — 


—— e —- 


—1—31——3—31—3—3 —31——4$—1—; 
Lnd 





EYES ACRES TRIER UM SÉ 
Hydrant 
BFIGURE P5.108 


To salve this problem we first use the energy egu al ev (1g 599) 
fe^ flew trom the. hydrant} ex; +O) ) Je the maximurs desira? 
elevation of 604+ (2) do get h, er m this case, the pump 
head. With the pump head we Can ger the Pump power 


trom £4. $:. 85. 
O 0 2 Oo 
fe is ths Poe ah oi | 
(e? 29 e 29 l 
2 | 
h, = 2-2,- f are | 
" 29 





AAT 
co tt - (loge )( nn = (19.2 €) 


N- 
" 





A, = GQ : 43 £f bod i 
W,, = YQ, = (624 4 ese ) 22 ft) prang 
Chatt e) rj) E 
F. hp | 

= 5.9 Ap au 

shatt St | 
het In | 
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5.110 The hydroelectric turbine shown in Fig. P5.1/0 passes 8 
million gal/min across a head of 600 ft. What is the maximum 


amount of power output possible? Why will the actual amount 
be less? 


From the energy equation 





pliz ; 2L +h -h = f +t Zs 2; Turbine 
yo! 4 4 k BFIGURE P5.1/0 
where f =O, faz A and V, = : 


Thus 


h, = (Z,- Z,) +h, di 5 


And, the power is geh by 
Wh = Oh = SQ] (z, -Z ) tht 2] 


The maximum power would occur if ds were no losses (h,= 0) 


and negligible kinetic energy at the exit ( V, 70; large diameter ovilet) 
Thus, 


al 
M = SO (z -Z ) = 62.4 b (gxt! y yf deny dia L004) 


max 


8 
6.67010" lih, b V 
(scfm) /,21x 10° hp 
The minus Sign is associated with pewer Out. 


The actual power will be less by amount corres pond ing to loss 
and exit Kinetic Energy - 
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5.111 A pump is to move water from a lake into a large, pressur- 
ized tank as shown in Fig. P5.11 1 at arate of 1000 gal in 10 min or 
less. Will a pump that adds 3 hp to the water work for this purpose? 
Support your answer with appropriate calculations. Repeat the prob- 
lem if the tank were pressurized to 3, rather than 2, atmospheres. 





RFIGURE PS5.111 


V 
£z ub th -h = DE HIA, where 70 2,70, V, 70 and zz 220 


T hus, 
(0 h =h + PE. . 
Also, dc: | l 
Q -rooogal) /tiomin) (zoe) Jan. - 0,223 Œ 


SO ^." F. Ib/s 


(3 hp)( 550 W) D. 
h, = a - (62 #2 (o. 223 i") Inm 


(a) If Pah -2alm = 2147, a )( w/m) - 423035, then from £o, (/) 
Ib 


ae 
* (62 2,4 $) 
Thus U 
h, £ h. -97,8 H i [911-9281] z 31.2 ff the given pump Will work ford, - 2am. 


^ 201 = h, +87,8 fl 





(b) If p3 alm = 6, 350 di, then 


h, zh, + EE eant = h, + 1224t 
Ta 


Thus, it this pump is To work 


I9 ft =h, +1224 or hy 5 - 3h 
Since it is net possible do have h, 40 | the pump will not work for fa = 3.aim. 
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5,112 | 


§.1/2 A hydraulic turbine is provided with 4.25 
m?/s of water at 415 kPa. A vacuum gage in the 
turbine discharge 3 m below the turbine inlet cen- 
terline reads 250 mm Hg vacuum. If the turbine 
shaft output power is 1100 kW, calculate the power 
loss through the turbine. The supply and dis- 
charge pipe inside diameters are identically 80 
mm. 


We consider the turbine mlet and discharge To be sections(1)and(2). 
lov flaw fam sectons (1) to (2) £4 . 5.82 yields 


loss = PF,-R + 9 (2-21) - Wy, í) 
/? het our 
Since 
YOSI 
ana 
W shaft ' A cha f] 
het ouf net in 


lov power loss through the Turbine we need fo multiply Ea. | 
by the mass Htowate, m, thus 


power loss - m (P-R) + mg (2-2,) - W,, (2) 
(? 


net ouf 


However " ; x 
y= = 9 RI 4-25 m = 429 I 
m= (9 T É ) 2 
Also 
2 "(025 m Hy (f (9) «(zem Yi ey Ay fium! ) 
I m? s> hg. m 
oe Pp =- 33 300 N 
z / pm? 
With Eg. 2 
N 
m da et femp H4) feign 
(999 ży ee 
m? " AL m 
OY (21x10 4m) 
power los = 950,000 "^ . 930 RW 
$ NS 
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5, 113 Py, 60. pil. 


l Q = 150 ft3/s 
Section (1) - Dy = 3tt 





5.113 Water is supplied at 150 ft*/s and 60 psi to a hydraulic 
turbine through a 3-ft inside diameter inlet pipe as indicated in 
Fig. P5.112. The turbine discharge pipe has a 4-ft inside diam- 
eter. The static pressure at section (2), 10 ft below the turbine 
inlet, is 10-in. Hg vacuum. If the turbine develops 2500 hp, de- 
termine the power lost between sections (1) and (2). 


po = 10 in. Hg 

vacuum 
FIGURE P5.112 erit 

For flow between sections (/) and(2), &q. 5 82 leads To 


power loss rA) + $(2-2,) * (4) DW, (1) 
P 
Shine given dike net bu 
p = CI m. M ELA Mad p) sa Ey A Ib ea)" _ ØE lb 
/2 2) "1 f? g” 
Also 3 
v» &. E . IRE) nme 
A, Tp, 7m (3fi) s 
4 
From conservation of mass (64.513 ) 
Uz Ve V 2 - (41.22 tt ) Gf) _ 1,94 £t 
Ar D* (4 #4 = 
From Eg. ! 
n. d w) 
power loss = (1.94 sugs \(6 E IOA PL H 60 lb u yn 4 in Ji +l 
£y $ 
(550 i) /. 7f - 
5. Ap £7) 
32.2 ft \(/0 f )f 1b 51.22 tt) (1144 f f Ib 
( £f i slug. £: wE) f j gen f erus 
* 25 00hp 
OY 


powev loss = FO) ^p 
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5. //% | 
5.114% A centrifugal air compressor stage op- 


erates between an inlet stagnation pressure of 
14.7 psia and an exit stagnation pressure of 60 
psia. The inlet stagnation temperature is 80 ?F. If 
the loss of total pressure through the compressor 
stage associated with irreversible flow phenom- 
ena is 10 psi, calculate the actual and ideal stag- 
nation temperature rise through the compressor. 
Calculate the ratio of ideal to actual temperature 
rise to obtain efficiency. 


We assume that the air Compressor Operates adiaba fically. 
An ideal Compression process is frictionless and adiabatic 
and thus according to Eg. 5.101, it is a constant entropy 
Or ssentropic process. With Eg. 5./0' we also conclude 
that an acha! adabahc compression mocess with Frictian 
must thvolve an entypry /"ota$e . On Temperafwre - Latropy 
coordinates, the ideal ard actual Compression processes 
appeay as Jludicated m the sketch bela. Also shown /s 
the /0 psi loss m staguafon press ure due ro fichon. 


© 
ca um A 2 acral » , deal 


22 Ideal 





We consider the air being compressed +0 behave as an ideal gas. Theri 
from 454.8 and 511 we Obam fw fhe ped processes 


esa Ts Sae = Gk) EP er. m a. 
/ ^4. 725a 


Um achel ^7 b, ‘BY - BRY 72 3a - 843 'R 
fo i 


4. 7 fie 
f cont ) 


$-tlo 


and 


(con't ) 








Then 
actual stagration temperature rise = ue T - 959 A x EX ? 
and 
ideal Stagnation temperature yise = t nail A = FO7TR-SHOR = 267K 
Also 


6 
effiu'ency „= 2 ideal la EH 267 R 
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5.115 Water is pumped through a 4-in.-diameter pipe as shown 
in Fig. P5.115a. The pump characteristics (pump head versus 
flowrate) are given in Fig. P5.1156. Determine the flowrate if 
the head loss in the pipe is ^; = 8V?/2g. 





(a) (b) 
E FIGURE P5.115 


Pgz +E ih, -h e v> 
f / 2g S L F ich / where f, fel, Z,=0 Z, = /2tt 


y =O. and V, - Q/A, 
Thus. , 
h, - th.= 2 1% , with 
h, = Ip = 16-5Q and h, =8 # = of 


29- 
There fore i , 
-cQ - 48. 245 4 4 
16-5Q VLE /2 tighi 


or " 
(1) (stag) @ +(5)Q-4%=0, where 27, AW and Q» 1 
Using the given data j E g. (/) becomes 


9 
f TET | Q' t 50-40 
0r 
(2) 18.350° +50 -4=0 


The positive root of £o, (2) is Q =0.350 H 





(The negative root of £a. (2) has no physical meaning.) 
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5,116 


LL ILPIILZ--—-—--- 
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5.116 Water is pumped from the large tank shown in Fig. 
P5.116. The head loss is known to be equal to 4V’/2 and the 
pump head is h, = 20 — 4Q’, where h, is in ft when Q is in 


ft?/s. Det Gane. the flowrate. 
Q 





( Z)Pipe area = 0.10 tt? 
B FIGURE P5.116 


ye 
VALER +h -h = = PRAXIS Z POE p 0% 213, 22.70 sh, 


71s; and V, = 
0 Zh 5 
HM ET , (AY 
h, = A z tag <4 E SINCE Ven 4 


Hence £9, (I) becomes 


Z, +(20-4Q2) - 4 (GAY _ (8/4) 
or ^ E 


GIA )id]q^ =20+2, , where g- $, fa~, and Qo 


Thus, with the given data 


2 j 
ex dae : 4 | a 


or f 
= HA 
Q 24.57 : 
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5.47 | 
5.117 When a fan or pump is tested at the 
factory, head curves (head across the fan or pump 


versus volume flowrate) are often produced. A d e = E 

generic fan or pump head curve is shown in Fig. s a x 2 

P5.117a. For any piping system, the drop in pres- $9 s SÈ 

sure or head involved because of loss can be es- uc MU. 

timated as a function of volume flowrate. A 

generic piping system loss curve is also shown in Q, Volume flow rate Q, Volume flow rate 
Fig. P5.1176. When the pump or fan and piping (a) (b) 

system associated with the two curves of Fig. FIGURE P5.117 


P5.117are combined, what will the flowrate be? 
Why? How can the flowrate through this com- 
bined system be varied? 


The flowrate of the combination of the fan ov pump and the piping 
SYS fem represented by the two curves sketched above will corres pond 
w the witersection of the two curves as indicated im the sketch 

bela. secause this conditions Satshes botr components im Terms of 


head and #owrate. 
H 


TN. 

System 
To vary the flowrate through the combmed system, the Pi ping 
system curve is normally, altered as shown læ hw by changing 
the resistance to flow of the piping system. This could be 


accomplished, for example with a variable ara Valve . 
H 


nF 
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5.118 Water flows by gravity from one lake to another as sketched in 
Fig. P5.118 at the steady rate of 80 gpm. Whatis the loss in available 
energy associated with this flow? If this same amount of loss is asso- 
ciated with pumping the fluid from the lower lake to the higher one at 
the same flowrate, esamate the amount of pumping power required. 


V (0) i AT 
gue xxm UT Oa i 











E at i Nis ja 
a onum vh Nt) j | 
E "e BO 
Msc uae Dd ji hia it Ne [2 50 ft 
|: Wn A He 4 P NON ay 
VELO ^is A it ih jon 
ef Bein: = ANN Wi (b) v 








Ds 

Saree ae aa a 
N wii m li Pune 

So =< dd (ib hn Nee 

Be iu 

QN AM 


BFIGURE P5.18 





Q- 80 je = 0,179 4 
gal s 
Cy )(7-#8 25) 
For the flow fum sechm (a) To sechan(b) Eg. 5.62 leads +o 


loss = 302, - Z,) = (32.2 2) (Soft) x: A) = [610 = 


For pumped flow tom sechon (b) fv See fan (i) &j. 5-82 yields 


W,, eala A) + less| ] - (nap mene LA 








net in 
44610 Fels 
Br «, _ 10 fh | 202 hp — 
Wonatt d 
net in 
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5.11.4 Water is pumped from a tank, point (1), to the top of a A Aerator column 


water plant aerator, point (2), as shown in Video V5.8 and 
Fig. P5.119 at a rate of 3.0 ft'/s. (a) Determine the power that 
the pump adds to the water if the head loss from (1) to (2) where 
V, = 0 is 4 ft. (b) Determine the head loss from (2) to the 
bottom of the aerator column, point (3), if the average velocity 
at (3) is V, = 2 fUs. 





a 
— 
? "d 


E RHAN 
: T 
> , x 
s E 
pit ves) P. 
Kr EOS 
ees 
WS 
Sey ia Ae o 


TUUM 
FL. eR Ne 
r 5a 2. at i uie D. 
ura Sn 
o E Mad, * 
d 
£ 2 ae 


N * a — 
^N yee \ ^ 
EN VSS 
HELM 
rm 





B FIGURE P5.19 


(a) The energy equation from (1) to (2) 

LEE tz, th -h,= E + E 

with 

p =p" “a =O gives 

h = h,+2,-2 = 2 f] tlio) fl - 541 = 12 ff 
Thus the pump per: Is 

- E 1- lb h 
W = YQ. = 62,4 yi IgE) (rogi) 2244 tA eir) 
= 408 hp j 


(b) The -— ME Írom (2) a 
E "M h =h = f 27 +2 


a - E a sata -CP = on ; 
h= 22> 37 ag = /3 J “IGL i) = Joti- 0.06244 


Or 
h, = 9.9% fl 
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5.120 A liquid enters a fluid machine at section (1) and leaves 
at sections (2) and (3) as shown in Fig. PS.120. The density of the 
fluid is constant at 2 slugs/ft. All of the flow occurs in a hori- 
zontal plane and is frictionless and adiabatic. For the above- 
mentioned and additional conditions indicated in Fig. P5.120, 
determine the amount of shaft power involved. 


t p = 50 psia 
— Vo = 35 ft/s 








Section (2) 
Section (3777 | ò 


P3 = 14.7 psia 


A»)  L— Section (1) V3 = 45 ft/s 
A3 = 5 in. 2 
pi = 80 psia 
V, = 15 ft/s 
Ay = 30 in2 FIGURE P5.120 


for the trictionless and adiabatic Flow thro gh this fluid machine 
Egs. 5.64, 5.65 and $.76 lead to 


Wan SB + B)- my (Bat je mR 3 (1) 


net In 
Since 
V ° v ‘ w . e v à Vv v 
MU, - m U,- u, = (m, m, )U,- mu- m u= m (d,- ú) 
‘ v 2: 
+ Fu ú, ) = 
At section E 
m, = ACE 2 d in. 45 T ^ a 3. /25 I 
1 Lr in.” 


At section (1) 


= 2 Slugs) 30 ia IS ft = 6.25 Slugs 
my * eal, f eas aid E 5, 3 


From conservation of mass 


T M slu $ 2/26 ap = 7/25 SE 
m, = Y - m, s 625 375 


With Ee.1 we obtain 


/ ; à ih, f+ 
Ware EET E. mA g 2, ist ls €) Slug 13 





net in eas ati ^ i 
6.25 slug: 20 # aint in. ££) sl 
r 9 2 ae T is BY Ef z) 





M o 2 eria, ay. Nie 


W, ath = eis hp J the net shaft power is out (<0) 


-— f. T 
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S./zI | xem 


Section (2) 


5.12| Water is to be moved from one large 
reservoir to another at a higher elevation as in- 8-in.-inside 
dicated in Fig. P5.12}. The loss in available en- diameter pipe 
ergy associated with 2.5 ft?/s being pumped from 
sections (1) to (2) is 61V 2/2 where V is the av- 
erage velocity of water in the 8-in.-inside diam- 
eter piping involved. Determine the amount of 
shaft power required. 







FIGURE P5.12! 


for the flw tm section (1) 7o section (2) Eg. 5.02 leads 


To 
L^" = e [ 2 &- 2, ) + loss ]= je | 309-3) * ev ] (I) 


ne? in 
From the volume flowrate we obtain 


— 6 E 
VR ee EA ) 





A rw = 7/62 a 
7 gin. 
(2 m de) 
Thus | trom £4. / 
s 3 
dy = (199 5)/2.5 fr’) (32.2 f' so ff 
shaft FE? M 5 s* )(s / 
pne? in 
+ a esd £y / fb TAI 
shay. É £50 Fili 
ái hp 
= 22h 
shatt —L 
net i 
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5.122 Water is to be pumped from the large tank shown in Fig. 
P5.122 with an exit velocity of 6 m/s. It was determined that the 
original pump (pump 1) that supplies 1 kW of power to the wa- 
ter did not produce the desired velocity. Hence, it is proposed 
that an additional pump (pump 2) be installed as indicated to in- 
crease the tlowrate tothe desired value. How much power must 
pump 2 add to the water? The head loss for this flow is 
h; = 250Q", where ^, is in m when Q is in m?/s. 


Nozzle area = 0.01 m? 
Pipe area = 0,02 m* 





E z, HE +h, “h, = f+ 2,4 

where r 

p =fa79, M =0, 2,20, BaF 2m. 

Thus | ua 

h = h, * Z; + 3g : where Ve Tám/S so Mat Q 2A, V, - Q.0Im (6 M/s) 


= 0.06 MYs 
Note: h, = Apumel * oump2 


2 
Thus, with h, = 250Q7*= 250(0,06) =0.90m 71 follows thet 
(£n/s) 
h, = 090m +t 2m: 209.81 22) = 473m 
so that 
W = Oh, =(7,90x10° k, ) (0.04 2) (473m) = 2.78 x107 Mm =2,78 kW 
Theretore, , 
W, =W ompi + Woumpa =2:78 kw, with Mois, = IKW 


Hence, 


4 


Woump2 = 2:78 kW - [kW = 1,78 kW 
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5.123 (See Fluids in the News article titled “Curtain of air,” Sec- 
tion 5.3.3.) The fan shown in Fig. P5.123 produces an air curtain to 
separate a loading dock from a cold storage room. The air curtain is 
a jetof air 10 ft wide, 0.5 ft thick moving with speed V = 30 ft/s. The 
loss associated with this flow is loss = K LV 2/2, where K, = 5. 

How much power must the fan supply to the air to produce this flow? 


Air curtain 


Open door 





= FSH di PESCE DG TR see 
inis HESTE I SIEDS MAN 2 T uE 
&BrFIQURE PS5.123 


2 
f +z, Lo Hs -h = HE +2, 


pe V.=0 and h= less "AA 
Ai Z,- £i SS T 2 
PE f2.=0, an zz 
ah 4 
h =h + Va = Va Ve = Sve 3 (30 E) 83,9 ft 
T F Ig ? G228 
Hence, 


(0.5-ft thickness) 


W, -YQh, = eg Az Va h, =(0.00238 HE Naa E (10 Ri ose(30£t) (23.944) 


Fb 
s Tur A FE) 


s b 
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5,124  Ifa?-hp motor is required by a ventilating fan to pro- 


duce a 24-in. stream of air having a velocity of 40 ft/s as shown 
in Fig. P5.4, estimate (a) the efficiency of the fan and (b) the 


thrust of the supporting member on the conduit enclosing the 
fan. 





w FIGURE P5.124 


(a) The solutan T5 this por? ef fha problem 1S ike Example "UE 


Wwe use 
Wsha! 


fo Caleulale the. fan e ffr ciency. 


Wshatt 7 loss 


We use the eroryy eguation(G.532) br Hav Tirmph the 
combat volume skekhed above to calculak The bss as 











follows 
2 
ALY, +92, = P+ M4 g2,+ What — 1055 
Adi ^ P 2 net in 
But R=Pp ad 2 x2 5 Mao, ws) = PE 
Ay um Tu ^e? I» m 
Also m = 4 = a V 
ps ve er^ 4 
So i E 
loss = “shaft — Ve = Ap - L^ 
het in “2 EAN 2 
2. 
"m (gp YES) 7 z 2 
loss = 4 | (v0 tt) 


(12 $ Y» Qin. auis No 
in ws te) OMB TE] mg) ft ( 16. i) 


(con't) 


loss = 9% [5 2 249 fib ./92 U4 
F lm, er; UIR 
= P f. 
27 tLe 1 ff 2 aT 
JR Mrs 0 
yy PL = 
bine 
For 


(b) We use the horizontal Component of the linea y 
Momen tum equator H evaluare thn anchoring 
TYuvcet. required JD held The fav yp pice 





= Vp 
Á A^ 
From payt (A) 
jud in. 4 m.: \ (Hot 
A Pd, Y= (47 2 Lyre i?) 9 aLe (oof) 
FEST (4 $3.9 Pe J(ente 4 
m = 944 lém lb R 


: 
lém 
Eig (vo & ) =. 2 4^7 tb 


Ax —— 
(32.2 heft ) 
Ib. S> 


JO 
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5.125 Air flows past an object in a pipe of 2-m diameter and 
exits as a free jet as shown in Fig. P5.125 The velocity and 
pressure upstream are uniform at 10 m/s and 50 N/m’, respec- 





—4 m/s 






i M. m/s 


tively. At the pipe exit the velocity is nonuniform as indicated. A os ve pm 


The shear stress along the pipe wall is negligible. (a) Determine 





\ 
the head loss associated with a particle as it flows from the — p» 50 N/m? y 19 m/s. 
uniform velocity upstream of the object to a location in the wake 
at the exit plane of the pipe. (b) Determine the force that the air BFIGURE P5.125 
puts on the object. 


(A 


) To dekrmine the loss suffered by a fluid particle as it fhlws 
from (1) to a locaton yy the wake at (2) we apply the 
nls egua tion ( £g- 5. 84) fo that ps flow fo get : 








"A ^ E: EE eh on (1) 
2 
TELE 
ina (rs ^ ur (0g) m) (4 a)” T 
h, = + T — 7 2 
in z (a012) 2( 9-81 24 ) 


To determine the head loss associata! with the enhve low 
across the object we use the non-uniform thw energy Cyuahon 
( Ey. 2892) Ay Flow fron, (1) b (2) "P fhe contol volume 
Po yn the skekh fo Jet : 


EA s Ya E ET d h (1) 
x L 


From k " we ut: gw m 
— PV.AdA 
xv. V.R AA 3. 
t. See z. 


LVA 











(Con't ? 


3 
3 V. A 
d 2m m 
Es fi + V Ta 125 a ^ " s 7. 
"t^ Mn yd TU WAV ME. Sec 
E 2 


J = 


1 iy - a 5 Zz 
h, _ (5 A). E) 2 ft (22) [a -(Im) fi 4 22) nte) 
2/991 m > z 
(ia & 2(4.812 ) (* a) (4 pre + (22) Ere fn 


(b) 76 dekrmne the twee. that the ar puts on the object ^, 
we use the horizontal Component ok the ^ "ear —M 
£2 ^a fiov 7o gef : 

Pas jam 2 2 P 
wr rea Pt 4 

















/a3m fim m 
and Thus dn ^ J 
2 
K- 7 £4, toV A, - A au eV, Aya ) 
| 5 s "X 
So H : " , 
& = (50 K em) g(a St (0 m) pex xt] 
x m? 4 | "t 5 y EN 4j 
- * 2 2 2 2 
—/.23 ky (/22) T/m) -(im) ] (rm) m 6) nem 
mF "P EU uu mg 
ana 
k= 10 Mv 
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5.126 Water flows through a 2-ft-diameter pipe arranged horizon- 
tally in a circular arc as shown in Fig. P5.126. If the pipe discharges 
to the aunosphere (p — 14.7 psia) determine the x and y components 
of the resultant force exerted by the water on the piping between 
sections (1) and (2). The steady flowrate is 3000 ft/min The loss in 
pressure due to fluid friction between sections (1) and (2) is 60 psi. 


Section (2) 





| 2 
Section (1) Contre | 


Volume 








BFIQURE P6.126 


Jo determine the X Gand y components of the resultant Arce exerted 
by the waler on the piping between section (1) and@) we use the 
X and y Components of the [near momentum ej ta for (Fy $22). 
For the contol volume Containing the water im the pipe behveen 
section(s) and (2), £3. 22. leads fo 


uu i z (1) 
yh NER TORT - Une 

and 
Ry 2A? Cee ra 


The reSultgn?t forte Componenti in Eg 5. /| md 2 are xe ved by The 
pipe on the waler. The resultan} face of waler on pipe & Sual in 
magni tude but opposite i| divechon. 
lo determine P, we use the Energy Cguatlr , Eg. 5:83. Thus, 

P $ P (less , = 60 "Z7 25] Psia (we need ty use absolufe pressures ) 


Also ba? 
re. Be ED Lund 
dS TO* T(2ft) bos ) Y 
7 Da min 
and 


Wi th £4. / we obja i H ; 
! tt) (144 in- Y lg 42 4t )f.4u Slugs sott ie 
= —(#IPSia) 2 dCi = ) (16.42 t (i q Slug. ag 
oe ee un 


X 
| 


Y 412 Pun 
PU 60 £ | 
min 
R, =- 32 200/6 


and the x direcho v, Component of the force Cxevleg by the 


water on the pipe between Sections (1) and (2) is -+ $2,200l6. 
(con't ) 


5-125 


(con't) 


With &g.2 we obtain 
(nasa meto )4-/15.22. Ft \ (7.94 slugs (3000 fi ft a 2 Ss i 
alat eet) (15.92 9E ( Lr $ 

and the y- divection component of the 

fore exerted by ihe waly on the pipe befwtt Sechons 

(4) and (2) is — — $190 Ib. 
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5.127 Water flows steadily down the inclined 
pipe as indicated in Fig. P5.127. Determine the 
following: (a) The difference in pressure p, — p2. 
(b) The loss per unit mass between sections (1) 
and (2). (c) The net axial force exerted by the 
pipe wall on the flowing water between sections 


(1) and (2). 





Mercury 
(a) Ihe difference in pressure, P-P,, may be Obfained frem the 


manometer (see Section 2-6) with the fluid statics equation 


m Y% umbo —- +P (6 in -) 


RR 


Ho /2 in- H IZ in: 
i I eias 
— AA / 3$. i 0. = 2376 
P-P = fs I) esos E (o.s ft) | + (exe S m add £i 
dnd 
R-ps 237 7e —L— = 1.65 psi 








FE (144 ant in 
(b) the loss per unit fe, between Sections (1) and (2) may be obtarized 


with Eg. 5.79. Thus 
- y*_Yv IX e. 
l055 = Ce t P t j(2,-2,) = = Corie tig 


or 
203 ft lb fest oA i AS [6 ae 


loss = 
(c) The net axial “ial tote exerted by the pipe wall on the Howin 1E 
watery may be. obla ined by Using the axial Component of the lineav 
momentum Eguchi (Eg. 5:22). Thus ty the Conhel volume Shown abwe 
R e Ep Q- R)- E (4) sin 30° -72 (p- p)retsin se] 


^ 


ji gp e i: + (62.4 [6 Hei Sin 30° 
K, * = ey io £e) P 
and | 
g z= 77.216 = TAZ 1b opposite Je flow direction. 


x 
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5.12% Water flows steadily in a pipe and exits as a free jet 
through an end cap that contains a filter as shown in Fig. P5.1cB. 
The flow is in a horizontal plane. The axial component, R,, of 
the anchoring force needed to keep the end cap stationary 1S 
60 Ib. Determine the head loss for the flow through the end cap. 





ss 
Area = 0.12 ft? 
V= 10 fts 


BFIGURE P5.12¢ 


The y-component of the momentum equation, 
Jv p V. n nd A B Fy , for the control volume 
"shown I5 


V o (-V,) 4, *(- V, sin 30°) 0 V. Az = 46, -Ky 
where. V, =10 ft/s and 


Vy, = 2 y -[£225) (vo His) =/2 ft/s 


Thvs, since oA, =A, Vz, Eq, (1) gives 
fh; = ky -EVA ~ e V, sin30 A, = ky- p^ ALY +V s/n 3^" | 


= 60 lb -1.94 sm) (0,12 #4) (10 10 B +12  sin30°] = 22.81 
ence, 


pi = 22.81b/A, = 22.81b/ (0.1244) = 190 Ib/H* 








From the energy equation for this flow 


2 
E 2.4). 1901/8? , (IOMÁSY- (28/5) — 
he ft 19^ 7 uis 26ra ~ A 


Wm 


-36 
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5.122 When fluid flows through an abrupt expansion as indi- 
cated in Fig. P5.1 , the loss in available energy across the ex- 
pansion, loss,,, is often expressed as 





where A, = cross-sectional area upstream of expansion, A} = 


i Section (1) 
cross-sectional area downstream of expansion, and V, — veloc- 
ity of flow upstream of expansion. Derive this relationship. alternate Section (2) 
location of GURE 


Applying the energy equation C&g.$.82) To the flow trom sechol ) 
to section(2) we obtain 


2 2 
loss, = P-R o, -y (1) 
X -— I ——— 


fe 2 
Applying the Gxial divechon component of the wear momentum 
Cguahon ( €q. $.22) do the fluid contained in the contel volume 
from sechon G) fo Sectton(2) we obtam 


Re * BA,- p, A. = “UPA * KPA (2) 
Now if we consider section (1) dj octurving at the end 
of the smaller Cdiame fer pipe ( the beginning of the la vge r 


diame ter pipe ) Gs Indicated m the shetcl above , Eg. i shll 
yields the expansion loss ane Eg . 2. Cecmes 


R ov AS - P, fl, = = Vok + eA v, (3) 
Note that wilh sec tion (I) Positioned at the enad of the smaller 


Qe. Also, because of the 


diame pipe, P ads over area A 
jet flow tran the smaller diameter pipe Ah the larer 
diameter pipe, the Value of Az wi// be small € hong Compared | 


Jo the other terms th Eg.3 that we can drop K,. hom 6.8 


ars A - V *- V A, ( 4) 
/? Az 


Comey ning Egs- / and ¥ we dbfain 




















(con't) 


from Conservation of mass (€8.5./3) we have 


é 
AEF re 
Ax 
Combing y, 5 and 6 we gef 2 


y^ p, 
zl 


uu = $521 3 sA) "x Li. 9. 
Or 
1055 6, EL )- 2 LH d &j] 
Z A, 2 2 


And L 


/oss a " f- A, 
* x J 


( 
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5.130 
Contra | NT" V 


5.120 Two water jets collide and form one homogeneous jet 
as shown in Fig. P5.130. (a) Determine the speed, V, and di- 
rection, 8, of the combined jet. (b) Determine the loss for a 
fluid particle flowing from (1) to (3), from (2) to (3). Gravity is 
negligible. 





V1 24 m/s 


m FIGURE P5.1230 


For the water flowing through the control volume sketthed above, the 
A- and y-diechon Components at the linear Momentum equation are 


-\ ov, A, + V4us B eV, A, = O (1) 
and 

-V,eV, A, + V $ino eV, À= O (2) 
From the cnservahon of mass principle we get 

- ev, A ~ pV, As + pV, M70 (4) 


Combining Eqs. | and 2 We obtain 2 
2 2G (0.1m) 
ton @ = Vr A. - M T p aF) | 


ac ams NE m, 
V5 Aa V. Td a 086 
q 








30 
= Í o 
0 = tan 03086 = "2 


Now, combining Eqs. | And 3 we get 
-VieA,* V Cos e (wA, rọ VAa) = Ô 


or * 
y= DEM 2 Mae 
CS e (VA tv, A.) ws e (Vd * N,d; ) 
Thus (6 ^3 (c ^ 2 
y= EBV (ommy ou 
( cos uz» C4 ^ Y (oim) T (é AN ozm | 
and 
V = 429 m 
3 * S 


( con't. ) 


5- [3[ 





| 5.130 | (con't ) 


To determine the loss of dvailable energy associated with the 
Flow thidugh this Cortl volume we Obtain by plying the. 
energy equahon ( Eq. 5.64) 


2. 
EMT T APER AR OON 
Cie X) (he Ble Gt y ee e) 
Also, The conservation of Mass equation , E4.3, Can also be 


Wrrten as 
-M —-m tM, = © (5) 
E e rug E" obtain ^ A ? " 
- + M.(M4-U = ¥ y^ - 
m, Mage) (s 2) m (Vita | 4 "m, aa) (€) 
The left hand side of Eq.6 Yepresents the mile of available 
energy loss in this fluid flow, Thus vate of available MAy loss ts 


rote of loss = eV A, uy de Ra (a) 
[^ 2 


rate of loss = er Lov eiat) + iv (i) 


L 


oY’ 


Thus + 5 
293 5 JG. Yi BS z " Y 
fole of bas H: «Ga ( 2) (0.lom Y4 Dje -tag 
4 C E -E 
4 (Ona »( 62 Jes ) oa | 
3 * 


rale of loss = 558 N.m 


mms] 
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5.13/| Water flows vertically upward in a cir- genin (2) 
cular cross section pipe. At section (1), the ve- ban. 
locity profile over the cross section area is uni- 
form. At section (2), the velocity profile is 


V? 
V = w, (£ ; k 





R 
where V = local velocity vector, w, = centerline 
velocity in the axial direction, R = pipe inside 
radius, and, r — radius from pipe axis. Develop 
an expression for the loss in available energy be- TU 
tween sections (1) and (2). VE lint 
flew 


For ale Yev m» JOSS we use The energy Cg nah om Ty DOM - 
Uniform flows, Eg. 5.87. Thus | 





P-R ey - Xu 
ir t ML E age (0) 

Frm comservafim of mass (čz. 5.13) we have 

V =v 

/ 2 
Also with Eg- 5:06 Tay the hrnehe ener coe rcien] & we 
have 

X =/.0 


Ste the velocity pohle at sechan (7) 4s umore. At seco) 
we solve | €3. $64 (see. soluton fw Pwblem S. 125 (€ )) ary gblan 
Oo, = 1.06 


2 


rus, £g. / yield s 


Joss = 5 fa — 0-06 V 
f? 2 
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5.132 The velocity profile in a turbulent pipe 
flow may be approximated with the expression 


a òR =r)" 
ue R 


where u = local velocity in the axial direction, 
u. = centerline velocity in the axial direction, 
R = pipe inner radius from pipe axis, r = 


local radius from pipe axis, and n = constant. 
Determine the kinetic energy coefficient, o, for: 
(a) n = 5; aoe. A 
n=9;(f)n= 


For the ai qe energy coetficlent, x, we "i - £g. z 86. Tus, 
p iem 2[U) E) aufi Ne 04) (0 
pu TR? a a g? 
EX 


For the average veloci ty , a, we may use £43.54. Thus , 
= u eT rae í 4 B a Fr 
& . L^ -2[ 4p uf) (m 
pR? i 
Jo facilitate the inkgrations we make the subshtutio 














S pw ab 
7h Aa TTR (3) 
US 
ý = - d/£ 
7 (€) (4) 
and £4. 2 becomes ! , 
3 Zn U 5) 
= —2U, /- = c 
: f : "(ord f (rm )(2001) 
ia Egs. 7 3,4 and 5 we obtain 3 
-4 [a> á d, n? (nti) (ent 
a EM e JA ] ] (6 ) 
(3+ ‘i 2n? 
ZR twen 3 T^)(3*2n) n 
(4) Fev n= 5, Eq. b yields i 
x FA 2(5) Gi X8) t1] a AU 
(3*5)[3* 2(6)] TRE DE 
(b) Fey n=6 
AX = ^08 
(c) For n=7 
& = 1.06 
(d) For Tr Nofe: Lok at figs. $.17 and €. 1 
e = 1-05 for im portant mntorrmation about 
(e) Fo a 9 (f) Fo n=10 these ditterent veloci ty 
aor 1.04 a =/.03 protile S. 
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6. #82 

5.122 A small fan moves air at a mass flowrate 
of 0.004 Ibm/s. Upstream of the: fan, the pipe 
diameter is 2.5 in., the flow is laminar, the ve- 
locity distribution is parabolic, and the kinetic 
energy coefficient, œ, is equal to 2.0. Down- 
stream of the fan, the pipe diameter is 1 in., the 
flow is turbulent, the velocity profile is quite flat, 
and the kinetic energy coefficient, œ, is equal to 
1.08. If the rise in static pressure across the fan 
is 0.015 psi and the fan shaft draws 0.00024 hp, 
compare the value of loss calculated: (a) assuming 
uniform velocity distributions; (b) considering ac- 
tual velocity distributions. 


(a) For uniform veloc ity distributions upstream and downstream of the 








fan, Eg. 582 is applicable. Thus, am 
2 z 
/0$$ = Tin ^, Ct + Uam 72,4) T Wohaft (1) 
2 nef » 
We obtain the shaft work, Ww, gu. trom the given shaft paner, W, p, With 
W. f net In F+. Mb neh a» 
What = /n A (0. 00024 Ap ) ($50 S. h 33 ft- 4 
. €—— tg Quar ee unu eile P SR. 1" RE UU» 
"rm m 0.004 de os 
For V, 4nd V,, We use £4. G.ni. Thus, 
2o. me, Con lem) 0 a) _ 1.53 # 
th See a. oe D px cum EEE CY E 2 s 
L Ain ZA To, (2-38 X 10 lag 2 ) (72.2 4 2 xd (2.5 i.) 
4 d y? = 4 
id = m — m (6.004 Am ) (ay 2) a 
A, Ñ TO " re, uns em Q 57 £7 
"ALL LLL -3 : J 
7 (23x 10 slug $2.2 fh de y ( m) 
Now trm Eq.! we obtain F+ 
5e ua (— 0.015 psi (144 £ $ (^53 £*) - (0.57 #) s (9.57 fy I lb 
Xia ? slu 32.2 Slur 
2e Be, " 
or 
joss = 3:43 ft. lb +33 ff lb 
ln lbrn 
(b) æ non- unifam, velocity distri butjyons upstream and dounsheam of the fan 
£g.5.87 /s appl cable . Thus o fr 4» 
ET 4 3 
/O05SS = Fin Pout 7 1n A E Vout fn + g ee ae Yx- shaft 
m ^e? in 
db ? f£ lb * )( ^53 ) (7.08 )(9.57 fry P a. 
loss = - 28. ^» + ji 73 Acid 27 A A i S $ sug ff m x 
Slug 
o 
d ft. 233 ff. 
fess w 966 LL bhi 
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5.34 Air enters a radial blower with zero angular momen- 
tum. It leaves with an absolute tangential velocity, V4, of 200 
fUs. The rotor blade speed at rotor exit is 170 ft/s. If the stag- 
nation pressure rise across the rotor is 0.4 psi, calculate the loss 
of available energy across the rotor and the rotor efficiency. 





To determine the [oss of available energy across the volir 
we use the energy equation (€9.59492) W obtam 


2 a O, neglect 
CA rA ed [AZ A? 
/oss = in = Pout + la ~ Vouk + 90, Peas) + Wy ahh 
/ 2 ACK sn 
or 
loss = loin Tmt e “shaft (t) 
net in 
jhe shaft + work in ) “shake can be obtained wiih the mament- of - 
momentum Work 65 uation C€g.5:-S¥). Thus, 
"shat }- = Chat dis (2) 
net in 
Combining Egs. laud 2 leads to 
= hai = h det 
loss = f fe m + UY 
fo 
Or 
JOSS: a _ (o4 Com pi (R) + mo B y zot! 213 
(2.7010 sy fi e of i P LL. Slug, ff 
ty? e np. ft 
and 
loss = 7800 fT. lé = $800 4 unn = 305 TEE 
i Slag (32.174 lbm tlag) == “4m 
As was done in Example S24) we calculate vot etheeny, Bum 
“spate - Des V, eo 
rotor efficiency s Ae ly Dt ee al 
Wshaft hatia 





tn i ul m 
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5./35 Water enters a pump impeller radially. 
It leaves the impeller with a tangential component 
of absolute velocity of 10 m/s. The impeller exit 
diameter is 60 mm and the impeller speed ts 1800 
rpm. If the stagnation pressure rise across the 
impeller is 45 kPa, determine the loss of available 
energy across the impeller and the hydraulic ef- 
ficiency of the pump. 


The analysis of Example 9.27 is applicable to solving thi 5 


problem. Using £g. 6 0f Example 527 we obfain 
Actual Hots? pressure rise across Im pe hey 








/b s = v - — ! P 
However 
7 ue 
j LT = 
U = FW = ide ) (1800 AE -566 2 
Z100 mm 
E) "iJ 
7hu $ 
J 7 (5.66 ^ m id. E dd - (exe 4 
loss = 116 N” 
= Bj 
From Eq. 5 of Example 5.27 we obfain 
actual total pressure ve across impeller 
TY 
VV. 
er re al] 
7999 8g 
3) » 0,726 
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5.196 Water enters an axial-flow turbine rotor with an ab- 
solute velocity tangential component, Vg, of 15 ft/s. The cor- 
responding blade velocity, U, is SO ft/s. The water leaves the 
rotor blade row with no angular momentum. If the stagnation 
pressure drop across the turbine is 12 psi, determine the hy- 
draulic efficiency of the turbine. 


Jo determine the efficiency of the turbine we use 
7 —- _actual work ouf 


(1) 


actual work out + lost 
‘he actual werk out, Wrage , IS obtained wilh the 


ne? ouf 


moment - OF — momentum work eg uation (Eg. 5:34) . Thus, 
"uae = ~ Mage - Dy (2) 
net out net ip lll ia 


Jo determine the loss of availabe energy across the 


ro tov use the en uation (€4.5.82) Yo ba» 
Ó We e “ao UP : gv 3 aik An 





Joss = Lin ~Faut p Min 7 Vous t 908 tot $i. D 
f? 2 ACF dm 
Combining Egs. ZA ag 3 we obtain | 
/o$$ = [oth ii ^o, out e A v pa (*) 
di ^ 
Combining Egr. 1,2 amd # we obfarn 
t V- 
7 = Ur A 7 U; s th (50 £t Yis or) sio Ef) 
U: i loss ee s Io out (12 psi ) (144 pag 
y" 7.99 glug: ) 
and Y? 
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5.137 An inward flow radia) turbine (see Fig. PS]37) involves a 
nozzle angle, a,, of 60? and an inlet rotor tip speed, U,, of 30 
ft/s. The ratio of rotor inlet to outlet diameters is 2.0. The radial 
component of velocity remains constant at 20 ft/s through the 
rotor, and the flow leaving the rotor at section (2) is without an- 
gular momentum. If the flowing fluid is water and the stagna- 
tion pressure drop across the rotor is 16 psi, determine the loss 
of available energy across the rotor and the hydraulic efficiency 
involved. 





m FIGURE P5.I27 
An analysis like the one of Example 528 would be appropviak 
for Solving this Problem. Since a turbine 15 wvelved in this 
problem j MX fj = o ae 4 and from Ex. of Example 5. 24 


net dh nel out 
WE Gin conclude that 


fae w X tagnation pressure diop across wor | 29 
/* Ad Out 


However trom £9. 3.5 4 we see that 


path = tae ied yu a Melia 
het sr net out 
and thus 
/oss Zagrefim m perma e -Y (n) 


7o deltvmune the value of Vy, we examine the velocity triangle 
foy the flow Entering the. a dul is skekhtd Pw 


ham the ve locity triangle we obtain 





B Go fFdan do. ION Et 
V, =o) a ES 


(COn't ) 
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cont ) 


From €3./ we obtain 


floss = ae in, 2 S EN ($0? ft ) AH Wek Ib 1J 
AT 
loss = /4 8 ft lé 


shua ig 


Fron £4. 5.42, We Can conc lude that 


W gafy 7 loss = Stagnation pressure drop across The. Yofoy 
he? ouf /Ó 


Or in Other words, the  sfagnalion pressure drop across the rotor 
results m shaft work and loss of available Chore, 


Thus a meaning ful efficiency 1S 


W shaft 
4 = nef ouf 





f° 


eter ar ER) 
w 6 (ng 16 e) (PME) i 


(74 slags 
L2 E 


O.875 
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5.138 An inward flow radial turbine (see Fig. P5.137) involves a 
nozzle angle, o, of 60? andan inlet rotor tip speed of 30 ft/s. The 
ratio of rotor inlet to outlet diameters is 2.0. The cadia) component 
of velocity remains constant at 20 ft/s through the rotor, and the 


flow leaving the rotor at section (2) is without angular momentum. 
If the flowing fluid is air and the static pressure drop across the ro- 
tor is 0.01 psi, determine the loss of available energy across the ro- 


tor and the rotor aerodynamic efficiency. 
à U 


30 fUs 





E FIGURE P5.137 


7o delłermmne the loss of available Energy across lhe roftw we use 
the energy eguahom (6$ 5.82). Thus, 


r P-p gt y " neglect 
Oss = 7 2 = 
" T + —— E 902,72, ) t snatt (1) 
Ee het in 
lhe shaft work, W haft 1 I5 obfaihed wilh Jhe moment- of -momentum 
ne7 n 


Work Egjuahim CE. 6, ou ). Thus, 


“shatk = = BK E ro. 


(2) 





nef i het ouf 
and Combining £95. / amd 2 y/elds 
= 2 i 
joss - C G , YY | ory (3) 
/? > 2 Qi 
To determine V. and A , we GyusfevAc jhe veloci ty triangle 


Sketched belav. 





With the velocity wiangle we conclude that 
aS go" S 
Ve, = v £A 40 x (o1) Singo’ = 34.64 à 
Since the Flow leaving the refe, i$ radial | The n 
:w.- Zo ft 
ro s 


From €4.3 we obtam 


wr = Grit) ot) nh 


(Gane, — m E JJ 





or — (3o ty éq ey = F) 
joss = on «(n ER) uL : £L 
ee 7g 1733-074 dem) "£k Toon 
"2 m 


The efficiency may be obtamed wit, 





actual work out : wu. Us 
actual wode ont T loss Uv, t loss 
_ (B08 (met 64 — LY 4 > 2) 
oi slug, f - 04 
ft Ft. Ib 
Pe (rn y.) * 16e Stag 
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5.140 Force from a Jet of Air Deflected by a Flat Plate 


Objective: A jet of a fluid striking a flat plate as shown in Fig. P5.126 exerts a force on 
the plate. It is the equal and opposite force of the plate on the fluid that causes the fluid mo- 
mentum change that accompanies such a flow. The purpose of this experiment is to compare 
the theoretical force on the plate with the experimentally measured force. 


Equipment: Air source with an adjustable flowrate and a flow meter; nozzle to produce 
a uniform air jet; balance beam with an attached flat plate; weights; barometer; thermometer. 


Experimental Procedure: Adjust the counter weight so that the beam is level when 
there is no mass, m, on the beam and no flow through the nozzle. Measure the diameter, d, 
of the nozzle outlet. Record the barometer reading, Haw in inches of mercury and the air 
temperature, 7, so that the air density can be calculated by use of the perfect gas law. Place 
a known mass, m, on the flat plate and adjust the fan speed control to produce the necessary 
flowrate, Q, to make the balance beam level again. The flowrate is related to the flow meter 
manometer reading, h, by the equation Q = 0.358 h'?, where Q is in ft/s and h is in inches 
of water. Repeat the measurements for various masses on the plate. 


Calculations: For each flowrate, Q, calculate the weight, W — mg, needed to balance the 
beam and use the continuity equation, Q = VA, to determine the velocity, V, at the nozzle 
exit. Use the momentum equation for this problem, W = pV7A, to determine the theoretical 
relationship between velocity and weight. 


Graph: Plotthe experimentally measured force on the plate, W, as ordinates and air speed, 
V, as abscissas. 


Results: On the same graph, plot the theoretical force as a function of air speed. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Counter 
weight 
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Solution for Problem 5.140: Force from a Jet of Air Deflected by a Flat Plate 


d, in. Hag in Hg T,degF Q= 0.358 h^0.5, with Q in cfs and h in inches of water 
1.174 29.25 70 
Experimental 
m, kg h, in. Q,ft^3/s — V, ft/s m, slug 
0.010 0.54 0.263 35.0 0.00069 
0.020 1.08 0.372 49.5 0.00137 
0.030 1.52 0.441 58.7 0.00206 
0.040 2.18 0.529 70.3 0.00274 
0.050 2 72 0.590 78.5 0.00343 
0.060 3.25 0.645 85.8 0.00411 
0.070 3.81 0.699 92.9 0.00480 
0.080 4.32 0.744 98.9 0.00548 
0.090 4.92 0.794 105.6 0.00617 
0.100 5.46 0.837 111.2 0.00685 
0.150 8.13 1.021 195.7 0.01028 
0.200 10.85 1.179 156.8 0.01370 
0.250 13.72 1.326 176.3 0.01718 
Experimental: 

V = Q/A where 

A = nd'/4 = x*(1.174/12 ft)^2/4 = 7.52E-3 ft^2 

W = mg 

Theoretical: 


(con't) 


W = pV°A where 


P = Pam/ RT with 
Patm = Yug Hatm = 847 Ib/ft^3*(29.25/12 ft) = 2065 Ip/ft^2 


R = 1716 ft Ib/slug deg R 
T = 70 + 460 = 530 deg R 


Thus, p = 0.00227 slug/ft*3 


(Con't ) 
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W, Ib 
0.022 
0.044 
0.066 
0.088 
0.110 
0.132 
0.154 
0.177 
0.199 
0.221 
0.331 
0.441 
0.552 


Theoretical 


W, Ib 
0.021 
0.042 
0.059 
0.084 
0.105 
0.126 
0.147 
0.167 
0.190 
0.211 
0.315 
0.420 
0.531 


740 [(Cn'*) 


Problem 5.140 
Weight, W, vs Velocity, V 
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5.14! Pressure Distribution on a Flat Plate Due to the 
Deflection of an Air Jet 


Objective: In order to deflect a jet of air as shown in Fig. P5.127, the flat plate must push 
against the air with a sufficient force to change the momentum of the air. This causes an in- 
crease in pressure on the plate. The purpose of this experiment is to measure the pressure 
distribution on the plate and to compare the resultant pressure force to that needed, accord- 
ing to the momentum equation, to deflect the air. 


Equipment: Air supply with a flow meter; nozzle to produce a uniform jet of air; circular 


flat plate with static pressure taps at various radial locations; manometer; barometer; 
thermometer. 


Experimental Procedure: Measure the diameters of the plate, D, and the nozzle exit, 
d, and the radial locations, r, of the various static pressure taps on the plate. Carefully cen- 
ter the plate over the nozzle exit and adjust the air flowrate, Q, to the desired constant value. 
Record the static pressure tap manometer readings, h, at various radial locations, r, from the 
center of the plate. Record the barometer reading, Ham: in inches of mercury and the air tem- 
perature, 7, so that the air density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer readings, ^, to determine the pressure on the plate as 
a function of location, r. That is, calculate p = Ym ^, where Ym is the specific weight of the 
manometer fluid. 


Graph: Plot pressure, p, as ordinates and radial location, r, as abscissas. 


Results: Use the experimentally determined pressure distribution to determine the net 
pressure force, F, that the air jet puts on the plate. That is, numerically or graphically inte- 
grate the pressure data to obtain a value for F = Í p dA = | p (27r dr), where the limits of 
the integration are over the entire plate, from r = Oto r = D/2. Compare this force obtained 
from the pressure measurements to that obtained from the momentum equation for this flow, 
F = pV*A, where V and A are the velocity and area of the jet, respectively. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


E FIGURE P5.1H 


(con't ) 
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Solution for Problem 5.141: Pressure Distribution on a Flat Plate due to the Deflection of an Air Jet 


D, in. d, in. Ham, in. Hg T, degF  Q.ft^3/s 
8.0 1.174 29.25 77 1.41 
r, in. h, in. p, Ib/ft^2 p, Ib/in.^2 p*r, Ib/in. Prt Pris L4 - Tj 
0.00 6.62 34.42 0.2391 0.0000 1 0.0834 0.39 
0.39 5.92 30.78 0.2138 0.0834 2 0.1701 0.40 
0.79 3.04 15.81 0.1098 0.0867 3 0.1114 0.45 
1.24 0.55 2.86 0.0199 0.0246 4 0.0355 0.35 
1.59 0.19 0.99 0.0069 0.0109 5 0.0205 0.45 
2.04 0.13 0.68 0.0047 0.0096 6 0.0174 0.37 
2.41 0.09 0.47 0.0033 0.0078 7 0.0130 0.44 
2.85 0.05 0.26 0.0018 0.0051 8 0.0086 0.38 
9.29 0.03 0.16 0.0011 0.0035 9 0.0035 0.44 
3.67 0.00 0.00 0.0000 0.0000 

P = Yuzo'h 


P = Pam/RT where 
Patm = YHg Hatm = 847 Ib/ft^3*(29.25/12 ft) = 2065 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T = 77 + 460 = 537 deg R 


Thus, p = 0.00224 slug/ft^3 


Using the trapezoidal rule for integration 
Fexp = 21*0.5* Li ss (pri *pri "(ri - r)] = 27*0.5*0.189 = 0.594 Ib 


Theory: 
F = pV^A where 
A = nd*/A = x*(1.174/12 ft)^2/4 = 0.00752 ft^2 
V = Q/A = (1.41 ft*3/s)/(0.00752 ft^2) = 188 ft/s 
Thus, 
Fi, = 0.00224 slug/ft^3*(188 ft/s)^2*(0.00752 ft*2) = 0.595 Ib 


(con't) 
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Problem 5.1! 
Pressure, p, vs Radial Location, r 


Problem 5.1%! 
Pressure Times Distance, p’r, 
vS 
Radial Location, r 
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5.142. Force from a Jet of Water Deflected by a Vane 


Objective: A jet of a fluid striking a vane as shown in Fig. P5.128 exerts a force on the 
vane. It is the equal and opposite force of the vane on the fluid that causes the fluid mo- 
mentum change that accompanies such a flow. The purpose of this experiment is to compare 
the theoretical force on the vane with the experimentally measured force. 


Equipment: Water source; nozzle to produce a uniform jet of water; vanes to deflect the 
water jet; weigh tank to collect a known amount of water in a measured time period; stop 
watch; force balance system. 


Experimental Procedure: Measure the outlet diameter, d, of the nozzle. Fasten the 
9 = 90 degree vane to its support and adjust the balance spring to give a zero reading when 
there is no weight, W, on the platform and no flow through the nozzle. Place a known mass, 
m, on the platform and adjust the control valve on the pump to provide the necessary flowrate 
from the nozzle to return the platform to a zero reading. Determine the flowrate by collect- 
ing a known weight of water, Wwaer, in the weigh tank during a measured amount of time, 
t. Repeat the measurements for various masses, m. Repeat the experiment using a 0 — 180 
degree vane. 


Calculations: For each data set, determine the weight, W = mg, on the platform and the 
volume flowrate, Q = Wy ..,/(yt), through the nozzle. Determine the exit velocity from the 
nozzle, V, by using Q — VA. Usethe momentumequation to determine the theoretical weight 
that can be supported by the water jet as a function of V and 6. 


Graph: For each vane, plot the experimentally determined weight, W, as ordinates and 
the water velocity, V, as abscissas. 


Results: On the same graph plot the theoretical weight as a function of velocity for each 
vane. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


& FIGURE P5.152. 


(con't) 


5-149 








1 i i 
i 


(con't ) 


Solution for Problem 5.1/2: Force from a Jet of Water Deflected by a Vane 


d, in. 
0.40 
Experimental Theoretical 
m, kg Woe, Ib t, s m, slug W, Ib Q, ft^3/s V, ft/s W, Ib 
Data for 9 = 90 deg: 
0.02 Tail 1 29.8 0.0014 0.044 0.0041 4.7 0.038 
0.07 8.66 18.2 0.0048 0.154 0.0076 8.7 0.129 
0.17 8.87 10.1 0.0116 0.375 0.0141 16.1 0.440 
0.12 8.92 12.6 0.0082 0.265 0.0113 13:0 0.286 
0.22 9.66 10.6 0.0151 0.485 0.0146 16. 7 0.474 
Data for 0 = 180 deg: 
0.05 6.81 24.5 0.0034 0.110 0.0045 5.1 0.088 
0.10 9.02 20.8 0.0069 0.221 0.0069 8.0 0.215 
0.20 8.84 13.2 0.0137 0.441 0.0107 12.3 0.512 
0.25 7.88 10.9 0.0171 0.552 0.0116 13.3 0.597 
0.30 8.86 114 0.0206 0.662 0.0128 14.7 0 27 
0.35 7.97 9.5 0.0240 0.772 0.0134 15.4 0.803 
0.40 6.37 7.6 0.0274 0.883 0.0134 15.4 0.802 
W - mg 
Q = Wwater/(y*t) 
V = Q/A where 
A = nd?/4 = 1*(0.40/12 ft)^2/4 = 0.000873 ft^2 
Theoretical: 


W = pV'A for 0 = 90 deg 
and 
W = 20V'A for 0 = 180 deg 


C Con '€ ) 
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Problem 5.142 x 
Weight, W, vs Velocity, V 
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5.143 Force of a Flowing Fluid on a Pipe Elbow 


Objective: When a fluid flows through an elbow in a pipe system as shown in Fig. P5.129, 
the fluid's momentum is changed as the fluid changes direction. Thus, the elbow must put a 
force on the fluid. Similarly, there must be an external force on the elbow to keep it in place. 
The purpose of this experirnent is to compare the theoretical vertical component of force 
needed to hold an elbow in place with the experimentally measured force. 


Equipment: Variable speed fan; Pitot static tube; air speed indicator; air duct and 90- 
degree elbow; scale; barometer; thermometer. 


Experimental Procedure: Measure the diameter, d, of the air duct and adjust the scale 
to read zero when the elbow rests on it and there is no flow through it. Note that the duct is 
connected to the fan outlet by a pivot mechanism that is essentially friction free. Record the 
barometer reading, Haw in inches of mercury and the air temperature, T, so that the air den- 
sity can be calculated by use of the perfect gas law. Adjust the variable speed fan to give the 
desired flowrate. Record the velocity, V, in the pipe as given by the Pitot static tube which 
is connected to an air speed indicator that reads directly in feet per minute. Record the force, 
F, indicated on the scale at this air speed. Repeat the measurements for various air speeds. 


Obtain data for two types of elbows: (1) a long radius elbow and (2) a mitered elbow (see 
Figs. 8.30 and 8.31). 


Calculations: For a given air speed, V, use the momentum equation to calculate the the- 
oretical vertical force, F = pV?A, needed to hold the elbow stationary. 


Graph: Plot the experimentally measured force, F, as ordinates and the air speed, V, as 
abscissas. 


Results:  On.the same graph, plot the theoretical force as a function of air speed. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 







Air speed 
indicator 


Centrifugal fan 
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Solution for Problem 5.173: Force of a Flowing Fluid on a Pipe Elbow 


d, in. Haw in. Hg T, deg F 
8.0 29.07 73 
Experiment 
V, fU min F, Ib V, ft/s 
Long Radius Elbow Data 
0 0 0.0 
1200 0.38 20.0 
1420 0.51 23.7 
1800 0.79 30.0 
2160 1.05 36.0 
2440 1.38 40.7 
2700 1.65 45.0 
2900 1.91 48.3 
3100 2.19 51.7 
3520 2.83 58.7 
3750 3.12 62.5 
3950 3.38 65.8 
Mitered Elbow Data 

1400 0.30 23.3 
1780 0.55 29.7 
2000 0.74 33.3 
2300 12 38.3 
2630 1.44 43.8 
2900 1.72 48.3 
3150 2.06 52.5 
3360 2.38 56.0 
3550 2.62 59.2 
3620 2.74 60.3 


P = Patm/ RT where 


65.0 


1.25 
1.58 
1:95 


3.30 


Paim = Yng atm = 847 Ib/ft^3*(29.07/12ft) = 2052 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
T = 73 + 460 = 533 deg R 


Thus, p = 0.00224 slug/ft^3 


A = nd^2/4 = 1*(8/12)^2/4 = 0.349 ft^2 


(con't ) 
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Problem 5.143 
Force, F, vs Velocity, V 


=—— Theoretical 


@ Experimental: Long 
radius elbow 


& Experimental: Mitered 
elbow 
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62) | 
| 6.2 | 6.2 The velocity in a certain two-dimen- 


sional fiow field is given by the equation 
V = 2xti — 2yrj 

where the velocity is in ft/s when x, y, and ¢ are 
in feet and seconds, respectively. Determine 
expressions for the local and convective compo- 
nents of acceleration in the x and y directions. 
What is the magnitude and direction of the ve- 
locity and the acceleration at the point x = y = 
2 ft at the time t = 0? 


Fror expression tor velocity, w= 2xt and = E 


Since 
_ gk au ou 
a, = PEt“ D dder 
then 
&, (local ) = E = 2x 
And 


l, (conv) = u ae "X = (2x¢)(2t) + (- 291)(o) 


Similar ly, 
D 2 
&,* Bet “Zet "3s 
qu a 
Qu 


ly (local) > eae * ee 2 
- (xto) + (- 2s2)(-21) 


a, (Conv.)* ut 


2x 2 6 
= "uL 
At xX2=422ft and to 
u: 2(2)(0)-o v= -2(2)(0)209 
So That V =0 
Gnd Gs Dee qu^ = 2G) + ¢g)(o) = 4 f£A* 


ap 
- ts —A2(2 (2) le) 
Ay = E T UK" 4 / + 7 


a = as fi £2/s* twi Th zi Vays cars 546 As 


6-/ 


n 


- 4 ft/s? 
Thus, 


6.3 The velocity in a certain flow field is given by the equa- 
tion 


V = xi + x?zj + yzk 


Determine the expressions for the three rectangular components 
of acceleration. 


From expression for velocity, “u= xX , = xe 
Since 
ay * ot + a oe ruse pur oe 
- - o+ ( x Wi) + '«$)C o ) «(ss)ro) 
e X 
Similarly, — 


- OU. av OV Qv 
O47 $^ ax tY ay f Mb c 


y= or (x )Gxe)r- Gio) + W)C) 


- 2x + xz 


Also, 
- Our Qu dur dur 
A = Zar. Ce mc qp Mm eS 
SO That 2 
G,= OF ( x J)lo) + (x)() + (sa)(4) 
2 
= x^g 92 


(a) 


(b) 


6.4 The three components of velocity in a 
flow field are given by 


B= + yt 2 
u= yy + yz + 2 
w= —3xz ~ 27/2 + 4 
(a) Determine the volumetric dilatation rate, and 


interpret the results. (b) Determine an expression 


for the rotation vector. Is this an irrotational flow 
field? 


Volumetric dilatation vate = 25 


Qv ow 
T — a (£g. 69) 


Thus, for velocity ¢omponents given 


volumetric. dilatation rate = 24 + (xr2) + (7 3x -Z) =e 


te 


This resulé indicates that There is no Charge in the 


Volume ef a fluid elemeat a5 it moves from one 
loCation to anchher. 


From £95. 6.12, 6,13 and 614 wits the velocity com poaents 
PIVEN : 


E: (3x - Se) =H (4-29) = - 2 
a, (BoB) d [o- Ge] nn 
w, = 4 (95-89). 4 |22- 438] LE 


S/nce CO us not Aero everywhere The flow field 
Is not irrotational. No. 








| i 


6.5 Determine the vorticity field for the following velocity vector: 


Vs (eg -yji - 2xyj 


ju), 
VxV = uro «(2 Mr) qur dt 
where 
eK ny w7-2Xy, and ur =0 
Thus, 


yx = Ot * 0j Ts Car 3459 ~y*) | k 


= [y -(-2y)]k =0k 
Hence, 
VxV=0 


6.6 Determine an expression for the vorticity of the flow 
field described by 
V= — xyld * yj 


Is the flow irrotational? 


= 20 (Eo 617) 
From expression tor velocity | “= xy, un = 5^ ard ur = 0, 
and with 
m ah our dv 
om, © T ( 5 z) CEg 6.13) 
L òU Juw 
ly, 7 A l S~ =) (Eg. 6 ly 
: Q7 _ ou (Eq. b12) 
w, = il 24 J9 =) b 
(d follows That 
«3 qu^ 
wy, = 0 ) Wy =o y and = S [o- 6349) |: £ t 


PROS, a / " P i) 
+= 2 (4.4 + Ly J + C), £ 


(7 |t + o) anh] 
= 3 xy" 


Since F 1s not hero everywhere the Flow 
/s pot Irrotaetional, No. 
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6.7 A one-dimensional flow is described by 
the velocity field 


u = ay + by 
y= wt 
where a and b are constants. Is the flow irrota- 


tional? For what combination of constants (if any) 


will the rate of angular deformation as given by 
Eq. 6.18 be zero? 


For pena admo) EET. ed EO 


and fer tne velocity 
dis tribution Iven : 


= all ow DN 
CO, 7 74 Z5 " gg A © 
i Qu _ dur 
wy = 4 Ox ol"? 
ov IK) & 
C04 = A OX 47 7 7 (f +by) 


Thus , ZO rs nod yero everywhere aud The Flow 


lis nok trrobational, No. 


Sime ls E. 6.18 ) 


. OU. Qu 
X ax” By 


it fo/lows for The velocity dis tri bation Jiven Tha t 
y= a+-zby 


Thas, there are no values of a and b (except boh 


egual to Jero) That will give à =o for all yalues 
of GY Nene. 


6.8 For a certain incompressible, two-dimensional flow field the 
velocity component in the y direction is given by the equation 


v = 3xy + x’y 
Determine the velocity component in the x direction so that the vol- 
umetric dilatation rate is zero 


For zero volumetric rate in a two- dimensional fiow, 


ðu ðv - 
Ix * 39 7 l 
Since 
2v = wax 
ð 5 
then ‘rem E.C) 
ð u = -3xX t yr nni 
OX. 


Eguatiøn (2) Can be ite grated with res pect to x to obtain 


f du - - [seas + f d f) 


or 
2 x3 


E 
u = ex +3 + fy) 





where Ffig) ts an undetermined Function of y. 


6.9 An incompressible viscous fluid is placed 
between two large parallel plates as shown in Fig. 
P6.g. The bottom plate is fixed and the upper 
plate moves with a constant velocity, U. For these 
conditions the velocity distribution between the 
plates is linear, and can be expressed as 


y 
“= 0 — 
b 
Determine: (a) the volumetric dilatation rate, (b) 
the rotation vector, (c) the vorticity, and (d) the 
rate of angular deformation. 


(a) Volumetric 


(L) For velocity distribu tion 


ane 


dilatation rate = 








VJ iLLLhLhihllhlhlilhilhie. 
it Ie TEFEN T Thay, ie en 


Fixed 
piate 


( E. 6.18) 


G.10 


6.10 — A viscous fluid is contained in the space between con- 
centric cylinders. The inner wall is fixed, and the outer wall ro- 
tates with an angular velocity w. (See Fig. P6J0a and Video 
V6.3.) Assume that the velocity distribution in the gap is linear 
as illustrated in Fig. P6&0b. For the small rectangular element 
shown in Fig. P605, determine the rate of change of the right 
angle y due to the fluid motion. Express your answer in terms 
of re, rj, and w. 


m FIGURE P65.I0 


From ES. 6./8 


For The linear distri bution 





Ko=- tw yY 
aes 
so That 
Du... ^ 
25 6 - 2 
nË sinte v-o 
ye - law 
la 7h 








The negative sign indicates That The 
ALEJ Angle 45. INCFCRSING . 
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(b) 





AZ 


6.12 Verify that the stream function in cylindrical coordinates sat- 
isfies the continuity equation. 


In cylindrical coordinels the continuity equation for steady, two- 
dimensional, incompressible flow is 





d rhe), l : 
0 fur fg o 
) 
Consider Ap = LÀ and Wy =-4 so Mal from £g 0) 
4. 29/9) d 3. (3 ry - 
r ar +p fal i9) = | 43 - ay =0 


Thus, any function V satisifies the continvity eqva tion. 
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6. /.3 


6.13 Fora certain incompressible flow field it 
is suggested that the velocity components are given 
by the equations 


u = 2xy v= —x!y w = 0 


Is this a physically possible flow field? Explain. 


Ang physically possible incompressible thu held 
must satisfy Consevation Of mass @5 €x pressed by 


the vela cunsh. p 


For the Velocity chstributon GIN, 
Qu.z Qv z 8 w 
ef = co = xy —— we C) 
Bz I 59 pi 


Substituhon pate E 2. (1) Shows That 
2y -x* to £o 


Thus, this is not &@ physically possible Lhu treld Mo. 
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6.1% The velocity components of an incompressible, two- 
dimensional velocity field are given by the equations 


u=y?— x(1 + x) 
v = y(2x + 1) 


Show that the flow is irrotational and satisfies conservation of 
mass. 


£E the two - dimensional £ low ks Irrotationah , 
st Pel 
- 2 Ox Jb 
For the velocity distribution Giden, 


2 uU Ou 
as = Z e dE de 
ox 9 ig 


Thus, 
MERCEDE 
ana the flow i3 E E TER | 


To satis ty Conserva tion of MASS, 


Since, 


QU . -ja 2U- 2x4 
ox ce 25 


Then 


—)—2xX +2x +1 =O 


ana . Ey 
Conservation of mass is Satisfied . 


G./5 


6.158  Foreach of the following stream functions, with units 
of m?/s, determine the magnitude and the angle the velocity 
vector makes with the x-axis at x = I m, y = 2 m. Locate any 
stagnation points in the flow field. 

(a) p= xy 

( w= -2x! +y 


From the definition of The stream function, 


2 y y=- òt (Egs. 4.37) 


At X= lan | Y= Zon ,1t follows that Ke IF and ilat e 


[hus 





Since h7 O ab x=0 Gna v=o at /70, a stagnation 


Point Occurs AL X=YHY=0, 


(Lb) For Wrz —2x** y 3 


ae ve ~St o. x 
At x=lm, quw it follows hat uo M and V4 
Thus, ot | 
lvi= [urr = Sy Hm» 4125 
Y 
4 , l 
"s tan B7 T G=76.0 


X 


Since Q. 4-0, There are no stagnatwn pets. 
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[vla f utat = man = zie 


om 
$ 


6.16 The stream function for an incompres- 
sible, two-dimensional flow field is 

w= ay — by? 
where a and 5 are constants. Is this an irrotational 
flow? Explain. 


For the d» to be irrota onal , 


2d far 
CÓ, X ax 2j 


and fer the stream fanctey e, EA 


i= 2v de a- 3hy* 


ay 
= - of = - 
Thus, 
s Sinis: ds ra 
So That 
a, 4) 0- C bby) = 85 


Since Co, ZO flew is not irrotatione/ 


(unless b zo) R No . 
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6.17 The stream function for an incompressible, two- 
dimensional flow field is 


y = ay? — bx 


where a and b are constants. Is this an irrotational flow? Explain. 


For The Flow to 4e Irrota tona/ (see Eg. 1.12), 


20d (ar anys 
6), * i 2x » e 


Qna fer the stream fanc hon given, 


u = OY _ lag 
OY 


+. SE apg 
FF- a S 
2 
Thus, 
Qu ~ ZQ 27-5 
OY OX 
oo That 


aged [o- eo Je = 


Since CO, FO Flow is not irretatone/ 


(wualess a =o) No. 
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6.18 The velocity components for an incom- 
pressible, plane flow are 

vy = Ar-' + Br-* cos 0 

Up = Br~? sin Ü 
where A and B are constants. Determine the cor- 
responding stream function. 


From the detinition of the stream function , 


sh Au . dy 
v. y $6 U:-5. (Eg, 1, VA) 


So that for the Velocity distribution GIVEH , 


7 P - Ar tB*'*tes8B a} 
ee = = BF sh (2) 
Tn te gre te Eg, (1) wI Ty respect to 8 to obtain 
fay = fea + BE coso)do + £ CH 
Or — 
(- A04 BF sine + E) (3) 
Similarly, Indegrade Eg 2) wT respect to r to bay, 
[dg z - (arsine dr + £(8) 
or ve 
y= Bt sind + L (8) (4) 


Thus, Jo satisty both £45. CF) and (4) 
Ub = Aes BF sme +C 


where C s an arbitrary constant. 
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(Aâ) 


(5) 


6.19 Fora certain two-dimensional flow field 
u = Q 
v= V 
(a) What are the corresponding radial and tan- 
gential velocity components? (b) Determine the 
corresponding stream function expressed in 
Cartesian coordinates and in cylindrical polar co- 
ordinates. 


At an arbitrary pont p 
( see figure ) 


Vee V sin 8 





Vs = V esse 
Since 
" . _ of 
Gc SER V- -= E in 
2 


V 





|t fellows That W ws not a tunchion of y and 


b=-Vx t€ 








Where C ts an Grbihary Constant 


Also, o1 tn x= F £05 © 


W=- —-VrcesA¢C 








Check this result : 


ng = te =-(Veos8) = V cos 


Afr- ri = «(Vr sin) = V sino ; 


which cheeks with 
part (a), 


| 


6.20 


6.20 Make use of the control volume shown 
in Fig. P6.20 to derive the continuity equation in 
cylindrical coordinates (Eq. 6.33 in text). 






Volume element 
has thickness dz 


FIGURE P6.20 


£ [^ dt «Jena dA =o ( Eq. 6.19) 
Cr Cs 
For The differential control volume shown 


2 
"SEL Z <P ede dr dz (1) 


PY:adA = net rade of mass outflow through 
CS surdaces of Control volume 


(prs BER ET doaa 


From figure at right ` 


Net rate of mass 
outflow In F-direchioy = 


(np fE Pre E) doe 
uae T T 
— (pip - 225 4 fe- dea 2 





= 
Fai F dr dada + AY, drde dé (2) 


(cont ) 
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G. 20 (Cont ) 


( ov; 4 ici de ) dy da 
From Figure at bight: 


Net rate of mass 





butow 14 O-Nrechoy = P% 
(Aw P ga de ) drdz - 264% ae) blo 
-h - “Le oe JO) yp dz - we. =" 

= Fake dy dode nag 


From figure at hight : 


Vet vate of mass 
—— ih £Z-diechos = 


| (01 








2 d2 
82 | rdédr 
s e) (n e SEN Zt) rdedz 
= NP x 
OP V2 i 
"e me rdrdédz (4) 
Substitution of Lys. UJ thru (4) into £9, 6/9 yields 
V. 
of F drdod2 + ae F dr d8 dz + PY drdé dz 
4 “Le drdedz + fe + rdrdédz =O 
or 22 2p Uj. opi , dlh . - 
se WR. tr^ “CF =o bs 


Since PU; VR uf 
opi + £5 4 E rM 


Eg (5) Can be writen as , si ! 
| 2( ez Pol _ 
T E ena 
Do UNIS o c PEE Mem MEME: KE RE 
Which js £€4.6.33. }}}}}©= © 


"Nas 


ESF 


6.2! A two-dimensional, incompressible flow is given by 
u = —y and v = x. Show that the streamline passing through 
the point x = 10 and y = O is a circle centered at the origin. 


For doped mtmimna.l f low along Â streamline 


gu. y 
dx wu | 
So that for the Velocity Components aver 
dy . X 
gx 95 
and 
— fs d y z f* dx 
Thus, 
-3° = L +é (where C isa constant) 
AL. 
anad 


xy = 2020 dis 


É- qua tro p ( /) Ve presents the €4 alio n a The 
Fann 9r o £ Stream Jines , For a 9! Ven Value 
of C ' The Sgu ation. gives a Circle centered 


at The Origin with C! The 59 uare of the 
[adı us. 


For X=10 Gna Yağ 
A J 
lF D =G 3 lao 


Gna the €4uation o£ Ihe streamline passing 
through This Dont 15 


x py” = l0o 


lUhich 15 a Circle of radius 10 centered at The ori gin, 


6.22 Inacertainsteady, two-dimensional flow 
field the fluid density varies linearly with respect 
to the coordinate x; that is, p = Ax where A is 
a constant. If the x component of velocity u is 
given by the equation u = y, determine an 
expression for v. 


Fer a variable density Flour y 


2(- 2er) 
5x 22 ( £4. 6.29) 


b, Fh 
i f (Ax ls) = Axy 
Za Jof lows That 
ð (ou) 
x 
Thus, deri | 4 
f Ag 
9 
Ln tegrate E3. 0) with respect to y to obtwly 


Jager) s - fay dy + Lue 


< Ay 








or 





Where fix) is 4A arbitrary function ef X. 
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6.23  Inatwo-dimensional, incompressible flow 
field, the x component of velocity is given by the 
equation u = 2x. (a) Determine the correspond- 
ing equation for the y component of velocity if 
vu = 0 along the x axis. (b) For this flow field 

what is the magnitude of the average velocity of 
the fluid crossing the surface OA of Fig. P6.23? 
Assume that the velocities are in ft/s when x and 
y are in feet. 





FIGURE P6.23 


( Consider & 


(a) fo satisty The tend inus ty eg uation unit thickness = Ift) 
un $^ 27 
sÉ follows That 
Se =-2 CIJ 


Integration of Eg .(0) to (7 respect to Y g 1e dds 
77: -2y + ftx) 
If v=o along x-axıs C4y=0) Then Lwy zO So That 
pe 
(5) 7%, satisfy Constrvation of mass 
Case 7 G a : e s (see figure ) 
Along AG w=ali)z 2 se so That 
Gan = Lala, = (2 €J)(142)00 4) = 2 £e 


S 


4l; OB =o So that (570. 





T hus, i . 2 f£. 
Oba j 2s EJ n 
and y= Gon - ZES = ju ft 
Ay aren Va 12? 3 
O 
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6.2% The radial velocity component in an incompressible, 
two-dimensional flow field (v, = 0) is 


U, = 2r + 3r? sin 0 


Determine the corresponding tangential velocity component, 
ve, required to satisfy conservation of mass. 








LOR) iG 2. (Eq. 1.35) 
F 2k F 28 ' oe ^ 
Since V3-0, 
Sta l _ OF) 
. 26 Or cf) 
and with 
rv, = AR? 3r%sin © 
it follows That 
DOU) = Yr ¢ GF sy. 6 
Or 
Thus, £3.¢/) becomes 
ep -— [4r + 4r'sin 6) C2) 


Eguation(2) Can be integrated with respect to © to obtu» 
fay E - f Gre 4F* sino) dO + Flr) 


Va = — ro — 9^ cs + ftr 


or 








Whe re Ltr) Ls QA uncle termined Syne te of P. 
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6.25 The stream function for an incompres- ym 
sible flow field is given by the equation 
y= Sy = y 1.042 


where the stream function has the units of m?/s 
with x and y in meters. (a) Sketch the stream- 
line(s) passing through the origin. (b) Determine 
the rate of flow across the straight path A B shown 
in Fig. P6.25. 


A 


L9 xim 


FIGURE P6.25 


(a) Lines of constant Y are sireamiines 
for Y = 3X *y - 4? the streamline 
pas sing Through The erg (X =0, zo) 
flas a Valse Weo Thus, The 
4 A ua ton for The Streamlines Through 


the Or! 911 ^5 





O-3xX*4 - q? 
or 
y= V3 x 
4 sketch of these Streamlines is showh in The frgure. 
( 5) : 
97 fy - Ye 


At B X20, U [mm So that 

p à 3 (0) t/) ~ (1) = — | m/s ( per unit width ) 
At A x=lm, U-6 so That 

Ye 30 (o) -(0)! =o 


Thus 
i Q = Y= = m/s (per unit width) 

The nega tive 5/471 indicates That the Plow is from 
right to left as we lok from A de B. 
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6.26 The streamlines in a certain incompres- 
sible, two-dimensional flow field are all concentric 


circles so 


that v, = 0. Determine the stream func- 


tion for (a) v = Ar and for (b) vu, = Ar~’, where 


A iS a CO 


nstant. 


From The dehin: hon ef the Stream function 


_+4 29 - 29 5 
WES r 20 Us i» ( £y. bya) 


So Phat wilt Vi =O /f follows That 22 ao 
and There bre 


(^J For to = 


Ár 
ay = -Ár 
r 


Integrate Ey.) with respect b k æ obfer, 


or 


fag: - far dr 


However S/A ce (p ss fot a function of e, "s A lows Mat 


J 


where C 


UU ss n ue 


‘san arbitrary constant. 


Ch) Similarly , lov Y= Ar 


or 


fav =~ [Arde 


W = —A tn v + C 
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The 


[n 


*6.27 


The stream function for an incompres- 
sible, two-dimensional flow field is 


w= 3xy +y 
For this flow field plot several streamlines. 


Spana for a streamline is found by setting Y= constant 
e eguation ter The stream function. Thus, for THe 


Gl ven Stream tunchon 
P= 34*, ty 
it follows That the egua tion of OW shamhne ^S 


KL 


V 


| + 3x? 


Where various constant valyes Can be assigned +o Ub 
to obtain @ 


for W= /, 2, 3, 4 Gnd e plot showing the streamlines 


ave given below 

y 71 
x y 
-5.0 0.0132 
-45 0.0162 
-40 0.0204 
-3.5 0.0265 
-30 0.0357 
-2.5 0.0506 
-20 r 0.0769 
-15 0.1290 
-10 0.2500 
-0.5 0.5714 
0.0 1.0000 
0.5 0.5714 
1.0 — 02500 
1.5 0.1290 
20 0.0769 
2.5 00506 
3.0 00357 
3.5 0.0265 
4.0 . 0.0204 
4.5 0.0162 
5.0 — 00132 


y =2 
y 
0.0263 
0.0324 
0.0408 
0.0530 
0.0714 
0.1013 
0.1538 
0.2581 
0.5000 
1.1429 
2.0000 
1.1429 
0.5000 
0.2581 
0.1538 
0.1013 
0.0714 
0.0530 
0.0408 
0.0324 
0.0263 


(con't) 


mily of streamlines. 


y 73 
y 
0.0395 
0.0486 
0.0612 
0.0795 
0.1071 
0.1519 
0.2308 
0.3871 
0.7500 
1.7143 
3.0000 
1.7143 
0.7500 
0.3871 
0.2308 
0.1519 
0.1071 
0.0795 
0.0612 
0.0486 
0.0395 
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Tabu lated 


w=4 
y 
0.0526 
0.0648 
0.0816 
0.1060 
0.1429 
0.2025 
0.3077 
0.5161 
1.0000 
2.2857 
4.0000 
2.2857 
1.0000 
0.5161 
0.3077 
0.2025 
0.1429 
0.1060 
0.0816 
0.0648 
0.0526 


results 
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(Cont)? 
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6.28 Consider the incompressible, two-dimensional flow of anon- 
viscous fluid between the boundaries shown in Fig. P6.28. The ve 
locity potential for this flow field is 


$-x-y 
&g FIGURE P6.28 
(a) K= 24 .- ag = 
Ü Dx ZX 


fo determine $ integrate witu respect w y + obtem 


fdp- Josa 


or 


W= 2x44 £, (x ) 77 
Similarly 24 24 _ 
= puer a ay -2y 
So That 
Jay: fagax 
Or "E ZXY + fa 64) C2) 


lo satisfy both £5. (4) end 42) 
P= LxX4 + C 
Where C is an arbitrary Constant. Since Y =0 along 4Y =0 


C =o and 
p= exu 63) 


(4) The discharge pa passing Threugh ang surface Connecting 
The Two walls , such as APB (see figere), 4 


y fo- Pa 


From £9 Bi fro gnd  W-2x Wu. It Allows 


Vat 
ri = e x. y 
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6.3/ 


6.31 Given the streamfunction for a flow as yy = 4x? — 4y?, show 
that the Bernoulli equation can be applied between any two points 


in the flow field. 


For the Bernoulli equation to be applied between any two points 


in the flow field (as opposed 1o only points along 4 streamline), the flow 
must be irrota tional. That is, 0xV 70, which for two-dimensional 


flow can be written as 


(1) X iy 0 


For the given flow 
7] 22 --8y and az - ot =$x 


Thus, 
Ov du _ 9 _ d - 
x jy "ix 9) zyl 8y) = -8 +8 =0 


Hence, Eg. I) is satisfied, the flow is irrotational, and the Bernovllr 
equation can be applied between any two poms. 


eae | 


6.32 A two-dimensional flow field for a non- y, 
viscous, incompressible fluid is described by the 
velocity components 


v=0 
where U)is a constant. If the pressure at the origin 
(Fig. P6.32) is pọ, determine an expression for the p 
pressure at (a) point A, and (b) point B. Explain b - 
clearly how you obtained your answer. Assume P9 


the units are consistent and body forces may be FIGURE P6.32 
neglected. 


Check fo see iE tlow 1S irrotatronal, Since 
Lt fdv du z 
ZEE (= = ) ( £5 6.12) 


* B(0,1) 


i L- ge 
and fer the given velocity distribution, 2 =O and se 72 


it follows That lu, FO. Since flow & not sprotateona/ 

Cannot apply The Rernoulle Louation be tween any two points 

tn The How Freld. 

Ca) Since Vio, The Origin and point A are on the 
Same Streamline. Thus, 


fo, Vo = Fa , Vy? - 
g 24 x Za 
At Ihe Drign V= U, 2Ad az A V4 = U, So that 
from Eg th) 


b=? 


# O 


(5) Pant B 15 not on same streamline as engin so Cannot 
apply Bernoulli egu ation between B ando. Te And A 


use the g= Component of Eulers eg uations. 


_ OP i | 97 2v au 2v- 
FK fy 25 PE * "iu p e (Eg. 6.516) 
Since V=0. and | "p =O | 
oP 1 
9 


So That 
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6:33 Ina certain two-dimensional flow field the velocity is 
constant with components « = -—4 ft/s and v = —2 ft/s. 
Determine the corresponding stream function and velocity po- 
tential for this flow field. Sketch the equipotential line ġ = 0 
which passes through the origin of the coordinate system. 


[From The detirrtion of The stream osten 


. à = _ of (les. 6.37) 
Ku = S y ^ Í 
so That ter The velocity components given 
OW __ (1) 
28 d 
OY . Cz 
K se 


Integrate Eg.) with respect to 4 to obtain 
fay = [-4 dy + Fly) 

W=-44 + F x) (3) 
Similarly , integrate E4.LZ) with respect do x Je obin 


fay = [zax + £&) 


Uz 2X + fa (5) (4%) 
Thus, to satisfy bot £9s.(3) and (9) 
Oa 2k eh oe 
where C is an arbitrary constant . 
From The detiniton of The velocity potential 


Or 


oy 


- af - af 
BETS: . ve sf (Eqs. 6.64) 
So That for The velocity dømponents GIVE A 
oP sd de 
OX 
22 mz 4 (5 
5 ) 


Integrate Eg.¢5) with respect de x +o obtu 
fad = f- 4dr o4) 


g=- 4x + £5) xi 
Lnteyrate Ef (L) with respect to y h obtoys 


fat = f-z dy + fy (4) 


g= -24 + 4,4) (8) 
Thus, to satisty boTA Egs. (7) ana l8) 


Or 


or 


f= Hu 74 A “ee 
— ence en iR 
L)heve C is an arbitrary ¢onstont 


Since The egu petenda!) /ine , Duo, Passes Mrough The 
Origin (nay =o) Then C= O Uh £9, (7) So That The 
CG uation of Tne P= 0 egui potentral line US 

2y=- 4x 


ja E 


oy 


A sketch ot Hes line L5 Shown in The Figure. 
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6.34 The stream function for a given two-dimensional flow 
field is 


y = 5x*y — (5/3) 
Determine the corresponding velocity potential. 


"ERES - 96 = cx? sy” U) 
Ó Y OX 


Lantegrate w, Jh respect Jo x fo obtasy 


Jag = f (se sy) dx 


Or d = £x- sx 9^ a £ (4) C2) 
Svmlar ls , 
. a9 _ abd _ _ (2) 
LPs a of i I0XKY 
Gnd 
Sa = — [roxy ds 
r B= -5x4 + £4) 7s 


lo Satisty both Egs, (2) ana ly) 
d-(S)x*—5xq +C 
8C A S 


luhere C l5 Qu arbitrary Con stant. 
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6.35 Determine the stream function corre- 
sponding to the velocity potential 


C= xX = ay 
Sketch the streamline w = 0, which passes through 
the origin. 
li = ov e $ p 2. 


Indes rate with respect fo Y to ob fein 


{ay - (342-397) dy 


a 3 | 
Í c 3(x*5 - 2) + £ (x) /) 
Similarly 
pw moba BE a. 
prepa * 


and integrahin g with respect b x yields 
fd y = hens dX 


y= $6 t AK) = 
/5 satisty be7h 98. (0) and (2) 
Y = 3x *Y = g? y C 

C is an arbi trary Constant , Since the streaml;ve Y =o 
passes Through The ongi (X=0;y=z0) Y follows Thi C=O Goud 

E 3 

= 2X ym (3) 

The equation of the streamline 
Passing through The origin is found by 
setting Wr0 im £¢,(3) fe 
yield 


or 


Where 


uU ax aa Ó 
whith is satished for Yao 


oin g= +//3 x 


A sketeh of The (zo steam/mnes 
Gre Showa /n The Figure. 
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6.36 


A certain flow field is described by the stream func- 
tion 


wW=A6+ Brsinég 


where A and B are positive constants. Determine the corre- 


sponding velocity potential and locate any stagnation points in 
this flow field. 


2 Á 


Zhde grate jor T^ respect fo r Æ obtary 


[ad = [C4 + 8 eso) ar 


or 

P=Alnr t Bres + Lle) Pn 
Similarly | 

EOT Li LN. C3) 

Ve=~ ois "B = B sin B 3 
and 

lg -- [8 si o dà 
er d= Breese * £F) im 


fo satisfy both Egs. (2) Gua Cu] 


$ Inr + Breese TC 
Loheve C /s an avbitrary Canstant. 


Stagnation points occur where TO ang Ta oO . 
Im ET ( 3) vz =0 at O8=0 ana O=T. From 


Ey i Aa 
= &+8 
so That Vp =0 for pa v ^ Howerer, since A4 4nd D 


Are beth positive constants This vesult indicates aà 
Negative Value r F Which 18s not defined.. 


At O=7 " A 
Vp + B Ces7T iiw = 
50 That vp =o fer = 4 [hus , a 


stagnatro- porn t OCcurs at 


A. 
OQ -I77 ana FF” B 
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6.37 . Itis known that the velocity distribution 
for two-dimensional flow of a viscous fluid be- 
tween wide parallel plates (Fig. P6.37) is para- 
bolic; that is 





FIGURE P6.37 


with v = 0. Determine, if possible, the corre- 
sponding stream function and velocity potential. 


fo cle dermine The stream tunchon led 


«$55 [1 Y] 


Qna integrate with respect do y fo obtari; 
fay = [u [i-r] us 
4i Y Lis-£ t Lix) 
ete, Fé - 2r =o , y 13 not a Lanction of x so Tat 
y= Uy fi- g] e 
where C is an arbitrary Constant. —— 


Te de termine the velocity potential let 
w= 29 - cp [dp] 


and integrate Lo1 Th respect Zo X to obtain 


[ag i J Te [i-t] ox 


“i 





uad d =- B [ x ^" Ys | + $ 5) 
However, ~ ao zm & = 20xyY " à 4,65) 
ay h? ag 


and this velatienship cannot be satished for all values of 


X and dq. Thus, There (s not a velocity potentiel That 
describes This flow (the tlw s not Irrotatona/ ) | 
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6.38 The velocity potential for a certain inviscid flow field 
iS 

p= ey =F) 
where ó has the units of ft^/s when x and y are in feet. Deter- 
mine the pressure difference (in psi) between the points (1, 2) 


and (4, 4), where the coordinates are in feet, if the fluid is water 
and elevation changes are negligible. 


Since The Flow feld ^ described by a velocity, potential tne Four 
is IFrotational and the Bernoulli egjuation Can be apphed between 
any Two pen2. Thus, 


2 
£ft ET as f. Me f/f) 
+ 24 4 2g 
Also 
i NE s 20. 2 2 
a= $C 6 Xu v ig cce FAG 


At x:/f£, y =2 ft 
by = =é Ge) = —12 fé 
~3(1)*+ 3@)*= g f 
So thet r= ae Ors Cr E) «(*&) - 225[£5 
At 42776 , uo V £d 
UL? -G(u)*) = — ft it 
WY = -3(¢)*+ 3(4)*30 


Jo That y= qo £t)" 


A 


[^us , Arain E¢.t) 
/ Re 
Na te tel" 


= J ee ee PW 
= 87/0 B, al 870 2 ) (= D il 60.5 psi 
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6.39 The velocity potential for a flow is given by 
a 
$ = Q9 - y) 


where a is a constant. Determine the corresponding stream 
function and sketch the flow pattern. 


av 234. 
25 £x Ce X 
To clekermnne Y integrate with respect fo y do obtain 


fae = fac 


or TE axy k £x) C1) 
Stra larly , 
-.0U 229 . _ 
kit Sk oC 
So That 
f dys fay dx 
P (P= Axy t Lt 9) RE 
/o Satisty Lot E gs. (1) 4nd CL) 
Y= axy +C 


A A C ıs An arbitrary Constan E. let C=0 Se That 


t= (3 
= XY ) 


hor A Given a the sfreanline pattern is obttined 
by setting V € ual 7» various Constants. for Y= o 
the xand y axes are Streamlines 

and for other Values of W 
The Streamlines are 
rectangular hyperbolas 
âs shown in The sketch. 
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EXE 


6.40 The stream function for a two-dimensional, nonvis- 
cous, incompressible flow field is given by the expression 


ps-42x2—29 
where the stream function has the units of ft?/s with x and y in 
feet. (a) Is the continuity equation satisfied? (b) Is the flow field 
irrotational? If so, determine the corresponding velocity poten- 


tial. (c) Determine the pressure gradient in the horizontal x di- 
rection at the point x = 2 ft, y = 2 ft. 


(a) To sa Listy the continuity CR uation, 
ou gv. 
Ox 99 
for The stream función given 7 
.oU. ft 2 ML LE 
U = 29 == 2 "E 7^ X 2 s 
$o Mat 
p z Qu - 
OX ð 5 


ancl The Con nuits eprawen 1s satushed. Yes. 


( Note: When a flow held us defined by a stream tunction 
The Continuity eguation 15S always identically satished, ) 


(5) Since, 





i (à ~ 35 ) ( Eg, 6,12) 


EF 
ân d Qu Py QU 
Dy e ax e 
it follows That Q0, =0 and the flow tield 1s irrota tional. Yes, 


Thus, uz 9$. a= OP 
ax à y 
Gnd integrati n Jıelds 
gp = 2x + 4)+ C 
Where C us an arb trary Constat, 
cc) With The M-a AXIS "itam. J70, dnd à 
~ 3h T- (u $5 + SS) £2. 6.5/4 ) 


and at Me2ft , y= 24 ^ae - MC e (o) t2 #6) | = O 
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6.41 The velocity potential for a certain inviscid, incom- 
pressible flow field ts given by the equation 


p = 2x77 - (y 


where @ has the units of m?/s when x and y are in meters. 
Determine the pressure at the point x = 2m, y = 2m if the 
pressure atx = 1 m, y = 1 mis 200 kPa. Elevation changes 
can be neglected and the fluid is water. 


Since the flow js irrota tional, 


SE a Wr 


with V2 ut^ r the velocity petenda! given, 


. of = 77 = od . ZL us 
Uc Dx ^ FX Y a4 J 


Az pont / /e £ X=/lm and Y = lan So Pia d 


Z 2 
u 4G) = FF v: 20)" = 20)" = 


ancl 2 m 
V ^s ( 4 7 = /é $a 

At point d X= m "n4 «7 20 so That 
u, = SAT CHE mF 


ane 








(4) 


n - 
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6.442.A steady, uniform, incompressible, inviscid, two-dimen- 
sional flow makes an angle of 30° with the horizontal x axis. 
(a) Determine the velocity potential and the steam function for 
this flow. (b) Determine an expression for the pressure gradient 
in the vertical y direction. What is the physical interpretation of 
this result? 


(QA) Frem ERS. C.60 and £8! 

g= 0 (x Casal +y sinh) Es. 6.96) 
Gna pr &=30° 

dU (x Cos 30° + y sin áo") 
Sim lar ly 

U = U (4 COSA —X Sina.) (Ep. 6,81) 
ana fer x= 50° 

p= U (4 0336 x sin Jo’) 


n 


U (0.866% + 0.5004) 





Ur (0.8664 — 0.500x ) 





(b) Jince 
U = 56 Qana v= nf 
GK 5 


IÉ follows That 
üzo6.$l,LU Ana V= 0.500U 


From the Euler € uation m The vertical Gr civection 
"—-——, 9- QU à Qu : 
Pa, 28 = p( oZ» ni erre w $E) (qus) 
Qua with V= Constant aud A:-48 


or 


This Vesult indicates Mma + The Pressuve distri bution LS 
hg dro static This 45 hot a surprising vesult since 
Tre Bernoulli ef uation nd: cates That i£ There 13 
No change in velocity The change in pressure is 
Simply due fe The Weight of The fluid, LE, Q 
hydrestahé ve nation. 
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6.43 
6.43 The streamlines for an incompressible, 
inviscid, two-dimensional flow field are all con- 
centric circles and the velocity varies directly with 
the distance from the common center of the 
streamlines; that 1s 


Ug = Kr 
where K is a constant. (a) For this rotational flow 
determine, if possible, the stream function. (b) 
Can the pressure difference between the origin 
and any other point be determined from the Ber- 
noulli equation? Explain. 


(a) Wye - ot = Kr (f) 


sinl kr 
nce { 904 
Y= F 5G 7° 


|i follows That W is not a function of O and therehre 


U = KL ec 


where £ Is ah arb IT rary Constant. 


(4) The How ts rotational and therefore the Bernoulli 
C4 uation Cannot be applied between the origin ahd 
any point, since These points are not on The 
Same streamline. No. 

(Refer fo discussion essociated with derivation 
of E3. 6.57. ) 
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Ge | | P" CUM ae 


6.44% The velocity potential d 
= —k(x? -y?) (k = constant) 


may be used to represent the flow against an in- 
finite plane boundary as illustrated in Fig. P6.24. | 
For flow in the vicinity of a stagnation point it is | 
frequently assumed that the pressure gradient | 
along the surface is of the form 

7 " | 


— = Ax | 


FIGURE P6.44 
where A is a constant. Use the given velocity 


potential to show that this is true. | 


For The velocity potenta) given 


Lez ad = ~-24.~x = 
OX 
- a¢ ~~ 24 (2) 
wt 2s i 


and The stagnatión per occurs at fhe Origin . 


For Tha steady two - dimensional fow 
— oP . Qu gu 
Fao (user r) (Ly. sla) 
and along The Surface ( y=o) wee fe Thal 


ð P Ju 
—— = Qu =. 
2X f ðX ^w ) 
From Eg e) A --2£4ex and Therefre 
Qu... 
2X z zh 


and Eg. 3) becomes 
Op 7 2 
PP (-z&x)(-24) = 4h 


m CP. Ay 
OX 


Where | Az ue. 


6.¥5 


6.45 Water is flowing between wedge shaped 
walls into a small opening as shown in Fig. P6.4S. 
The velocity potential with units m?/s for this flow 
is @ = —2 in r with r in meters. Determine the 
pressure differential between points A and B. 


+ 
h 
4 


Along The horizontal surface ; 9787€ Q nct 


— —s — 


. od . 2 
Tp" = = 


ar F 
So that L 2. 
pom Up TUE 
]hus, V7 "T y 
A a 5 B 








Wy B 
og tt  — ri ——4 


A 0 


FIGURE P6.45 


(1) 


6.46 An ideal fluid flows between the inclined 
walls of a two-dimensional channel into a sink 
located at the origin (Fig. P6.46). The velocity 
potential for this flow field is 


where m is a constant. (a) Determine the cor- 
responding stream function. Note that the value 
of the stream function along the wall OA is zero. 
(b) Determine the equation of the streamline 


 7-lnr 


A 





passing through the point B, located at x — 1, FIGURE P6.46 
y = 4. 


(a) 


an 24 27 . 34. m 
Fk F 2e 2r 27 b 


Lntegrate By Al) with respect to 0 æ obi» 


Or 
- m © [F 
/ e t AU 
Since jong e s 426.15 (2) 
e or F ae 


fay JE d Ó 


Up bs Not a functon of F So E2 (2) becomes 


Ahn d 





Where C B a tonstant. Also, Y=0 fer E 1 
jo That 2 m EO 


"Ts (3 
U:m(xz 4 


(b) At B danbs so Mat OF 133 rad. From Eg.l3) 


The vale of V passing Through This porn? /5 
Y= m (222 "pr O. OF50m 





zn | 
and Therefore The eg uation ef The streamline passing Through 8 
is 

0O. OF50m * am (S - i 
idi O= 1.33 rad 


(Wy fe: IZ can be seen trom £g (3) thet the streamlines 
are a// straight lines passing Through the origen. ) 
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LL 


6.47 Itis suggested that the velocity potential 
for the flow of an incompressible, nonviscous, ac 
two-dimensional flow along the wall shown in Fig. "eu 
P6.47 is 

Q = r? cos 36 
Is this a suitable velocity potential for flow along 
the wall? Explain. 





If Ths is a suitable $ the Corresponding U must have a constant 
Value along the wall (since The wall must Corvespond te a streamline). 


H T fe” de 45 mgA ia 


Tn tegrate Eg tl) Ly respect to © fe obla, 


¥/. 
Jape [E Pes 2o 


3 
or be . 
uU = 4 sin ta t f Cr) (2) 
Similarly 
2 F 136... % 2S." & 
ta "ie " Pig ^ gy" "p 
Y, 
and fay = [ d^ ire 
or ¥ 
Us Ff? sinto +f) (3) 


To satisty boh Es. (2) and (J) 


p= 


where C is an 
Along one section 
The oher sector 


Cons Land Value 





y ! 
L 13 Sih i E T 4 
arbitrary Constant . 


of The wall, 8*0, and =C. Along 
= 3F anad zc Thus, Ip has a 


» | | 
aleng The wall and he Given Velocity 


porennhal Can be used do represent Flow along The wal]. Yes. 
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6.449 


6.49 As illustrated in Fig. P6.44 a tornado can be approx- 
imated by a free vortex of strength I for r > R,, where R, is 
the radius of the core. Velocity measurements at points A and 
B indicate that V, = 125 ft/s and Vg = 60 ft/s. Determine the 
distance from point A to the center of the tornado. Why can the 
free vortex model not be used to approximate the tomado 
throughout the flow field (r = 0)? 





BH FIGURE P6.44 


For A tree Ver Lex 


vg = 5 ( £e. 6.86) 
Thus, ad hy , WBF les fi so that K2/25% 
and at P2 ) vp = eo ft So tat K= 60b, 
There fore , 
/25 G= 60 5 
än a since 
| F -h = leo #4 
T. follows That 
1/25 ^ = bo (loo +h ) 
or 
f, = 92.3 ft 


The tree vortex cannot be used to approximate a tornado 


Throughout The flow Held Smee at rF=o The 
Velocity becomes Infinite. 
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6.50 


6.50 Ifthe velocity field is given by V = ad — ay]. and a is a con- ü.2 (22 
stant, find the circulation around the closed curve shown in Fig. P6.50. 


(Heady (2, m 





x 


B FIGURE P6.50 


The circul ation is given by 


T =É Vide =Q (axi -ays)d3 , where d$ is an element along the line 


ij , 
= { (oxi -ayj Ydx s [lort -ayf)- (dyĉ) 


+ [laxi -ay})*(-dx?) n -ayj) Cdi) 
E ( aK d ‘Staph t ( (-ax)dx aM 
er -faydy (and -faydy 
- 20rd -2afyd 


= 2a(2) -2a(2) =0 
Thus, 
Pep 


d 
— 


Mole: This flow is irrotational. That is vxV zo. For any 
irrotational flow the circulation is identically zero. 
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6 51 


6.51 The streamlines in a particular two-di- 
mensional flow field are all concentric circles, as 
shown in Fig. P6.5/. The velocity is given by the 
equation vg = wr where w is the angular velocity 
of the rotating mass of fluid. Determine the cir- 
culation around the path ABCD. ~ 





— dis FIGURE P6.S! 
[tz / - ds i 
ABCD 
= F % d de + | Y db [maso » 77 dr C1) 
AB Bc CO DA 


Since pL O Gnd VD = OF £4. (1) becomes 


/ 


e. 6, 
[lz wb’ dð T9 Jm W D 
ô, 6, 


= tb? ( &,-6,) + iia” ET- 


[Tz co (6,- 6, )(4*- a?) = (040 Fia) 
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6.52 The motion of a liquid in an open tank is that of a combined 
vortex consisting of a forced vortex for 0 = r x 2 ft and a free 
vortex for r > 2 ft. The velocity profile and the corresponding 
shape of the free surface are shown in Fig. P6,52. The free surface 
at the center of the tank is a depth h below the free surface at 
r = co. Determine the value of h. Note that h = hi4 + Atreo 
where Mrorcey and ^; are the corresponding depths for the forced 
vortex and the free vortex, respectively. (See Section 2.12.2 for 
further discussion regarding the forced vortex.) 





ta 


}~+— > — 





BFIGURE P6.52 


For forced Vortex 


xs n (Eg, 2.32) 





ond with GeÉÍe eb paOsubleas That C=O. 
Also, V. = ra Qua sace Vo. = ID feet poze 


2 fŁ 
Thus, at r= zf 2 " 
à otra qd ty (z fe)” _ pep P4 
zu ag ee: sec d 
2.2. 2 (32275 ) 
For free vorZex (see. Exam ple bL) 
J? > 

os" Am F^ 

Where  [?'-zm* Vs 


— 
— 





a That 2 2 

ui Carr tg) RME ETE 
so àám*r^g pm (2h) 32.25 ) 

THUS, 


4, = h + $ = Loo ft +1564 = 9.10 ft 


forced free 
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6.53 


6.5.3 | When water discharges from a tank through an 
opening in its bottom, a vortex may form with a curved sur- 
face profile as shown in Fig. P6.53 and Video V6. Assume 
that the velocity distribution in the vortex is the same as that 
for a free vortex. At the same time the water is being dis- 
charged from the tank at point A it is desired to discharge a r 
small quantity of water through the pipe B. As the discharge — f= > 
through A is increased, the strength of the vortex, as indi- ON n 
cated by its circulation, is increased. Determine the maxi- 
mum strength that the vortex can have in order that no air 
is sucked in at B. Express your answer in terms of the cir- 
culation. Assume that the fluid level in the tank at a large 
distance from the opening at A remains constant and viscous jv om Pel 

effects are negligible. VU RO 


m FIGURE P6.5 





From Example 6.6, 


p 2 
Z=- 
8 7" 3 





Air will be sucked mto pipe When Z=- į for F=2 48. 


4 


= frrr - er (s f) (32.2 25) (-1 tt) 


OF 
ft” 


I| (Ose 
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| 6.54 | 


6.54% Water flows over a flat surface at 4 ft/s as shown in 
Fig. P6.54%. A pump draws off water through a narrow slit at a 
volume rate of 0.1 ft?/s per foot length of the slit. Assume that 
the fluid is incompressible and inviscid and can be represented 
by the combination of a uniform flow and a sink. Locate the 
stagnation point on the wall (point A) and determine the equa- 
tion for the stagnation streamline. How far above the surface, m 
H, must the fluid be so that it does not get sucked into the slit? f 





m FIGURE P6.54 


E . 4 an 
Vs dos T Maa m Vrana NO " 
Oc) 
Thus, » 3b 
xd NOT. BR. _ am 
7p U Cos 6 3. (2) 


e 
4nd av n 
=.= ¢ = -U 
75 e sip 8 


Along The wa l/l Va =O ) anu The stagnation peint OCC rs 


Where L^" So thet from Eg, (2) 








7 TEE 
Os U tes(o?) iA 
and Therefore. 
"m 
f; = 
Zr Cy 


- 2, 
For LU = 4 £f Qn M= O2 4 (note That « Source strengja 
of 0.2 a must be used To obtain ane Through slit 
Which is only one half of a fall Sink). Thus, 
JA? 
KE = Ô. 2 E 


aT CA TES 
5 





= O.Oo0796 £Z 


Quo The stagnation porn iS en The wal ©, 0071916 £4 


Lo The right ek s. 





( cont) 
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| 6.54 (cont) — 


The value ef P at the stagna boy Point [+ = 0.00146 em 8 =0 a) 
/ S Dae (EZ. /) so That The. € uatop of The «bod 
streamline is 


or 


Since 4 = rsin& The efua tion of The stagnation streamline 
can be writen as 
2 am. 
ae ATL e 
Fluid above Tne stagna ton streamline twil! not be sucked into 
Ghz. /he maximum elis tance , H, dee The stagnation streamline 


OCCUurS as O—- T So That 
8.2 A 





H= m = = CET = 0,0250 fé 
7r JT Gee ———i— 
2 (4 2%) 


(Note OAM the Fluid bebw the stagnahen streamline must pass 
Through The slit. fh hus, trom conservation of mass 

HU = flow into slit 
or As o. A _ ô, O250 f£ 


Fe 
te 


(4 





Which checks with The answer above, ) 
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6.55 


6.55 Two sources, one of strength m and the other with strength 
3m, are located on the x axis as shown in Fig. P6.5.5. Determine 
the location of the stagnation point in the flow produced by these 
sources. 





B -iGURE P6.55 


Since the «low from Cach source Js in The racka! 
divection, +t (5 only aloag The x-axis That the 4o 
Vadia! Compaerts Can Cancel and Create a stagna tida 
pont 


az 
fn 





For source lI) 2v) 


ana Jor Source C2) 
= Sm 
V2. Zm^n. 


The Stugnarib n Punt eccavs where T. = w So That 








Fi 
tTn sm 
2m "i seg Am 2 sdas 
anx 
I2 stag = 
/ Vistas 
4lso, — 
= D = 5 
I Steg i l2 Shas 2h + 55 4 
o That y 
Yh stag i 7 ‘stag = 
"| stas = £ 
Thus 
4 = -2 = —@ xf 
Xs Len (z0- i1) 7 
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6.56 


6.56 The velocity potential for a spiral vortex 
flow is given by $ = (T/2z) 6 — (m/2z) Inr. 
where I and m are constants. Show that the angle. 
a, between the velocity vector and the radial di- 
rection 1s constant throughout the flow field (see 
Fig. P6.56). 






FIGURE P6.56 


Fer Tne velocity potential given, 


~ ad - a aam .-4 9$. 
Ht” OF amr "e rà 
S. ‘ — » ET 
Ince E SES vl Cos of 
gnd naik A ^ 
|: Ti * GS 
Then V. e, P 
Cos X= — € E 
VI VL t Us 





| | + (EY 
| 


y! «(Ly 


Thus, ds a. given [C anc m The angle ec Is 
Qa Constant. 
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6.57 For a free vortex (see Videu V6.4) determine an ex- 
pression for the pressure gradient (a) along a streamline, and 
(b) normal to a streamline. Assume the streamline is in a hor- 
izontal plane, and express your answer in terms of the circu- 
lation. 


For a tree vortex 


Y= eu T lnr (Ee. 6.91) 
AVIS 
So That 
_L avs a, ae 
VU ge Vp dr — zT 


Since The tree vor tex Ve presents Gp IrroLationa / flow 
field , The Rernoulli eg yation 
Py Vy -2 = wnstant "P 

: d- t$ 
1S valid between any Ewo Points . 
(A) A: long a streamline ( F= constant) i Vg 5 Constant 

and Vv = 0 So That From £74 . C1) w ith 

z Constant The Pressure 1) Constant , t.e, , 

2P ut 


Oo 


(4) Norma) to the streamline MRE V =0 qne Z- Constant 
-F 4 L^ + Ż = Consdg 40 


——— 


So Tha t 
AP | 2%") — _ py 218 
$- o Cao 
E ny n 
" - e GEZ) 
p]? 
uq? RS 
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6.5% (See Fluids in the News article titled “Some hurricanes 
facts,” Section 6.5.3.) Consider a category five hurricane that has a 
maximum wind speed of 160 mph at the eye wall, 10 miles from the 
center of the hurricane. If the flow in the hurricane outside of 
the hurricane’s eye is approximated as a free vortex, determine the 
wind speeds at locations 20 mi, 30 mi, and 40 mi from the center of 
the storm. 


fr tree Vo rtex 





"s (Eo. L.3L) 
TER: ; 
Thus, at eye wall 
\ 
[60 mph = kK } 
/0 mc Y to / J 
So that ba == “So ew wall 
v= dT VEIO cere | d s 
And 
Ye = (Ibo mph Y 10 anc ) 
9 — n ae 
B 
Fer, ( : 
lp 10 
iy Seam, LS sei) io we) = 80.0 mph 


^s 7 30 nme Vg = (po mpn) Coane) _ 55:3. nad 


3o mt 


Fa = o mu Vo: (i bo mph) C10 me) 


Lo anc 0.0 mph 
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6.60 Potential flow against a flat plate (Fig. 
P6.60a) can be described with the stream function 


w = Axy 
where A is a constant. This type of flow is com- 


mònly called a “stagnation point” flow since it 
can be used to describe the flow in the vicinity of 


JK 


(a) 


FIGURE P6.60 


p = Ax yY i = e 


For The bump The stagna tion point wll occur 


(o= 


— 


a 4 


x20, 9*4 


1 OW A 
-—— — = S260 
ue r Jő F Co +- 
and l 
TW Em av = Ar sly 20 
e ak 
-T 
The pem, 6-4 
Ve =O 5/nce Va =o 
O= AA tos T 
or At = Aa 


ark 
4nd There bre 





A 
P 
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the stagnation point at O. By adding a source of 
strength, m, at O, stagnation point flow against 
a flat plate with a “bump” is obtained as illus- 
trated in Fig. P6.605. Determine the relationship 
between the bump height, h, the constant, A; and 
the source strength, m. 





Source 


(b) 
A e 
F^si ZO + 


at 


t=). For The given 5 bream func tion, 


/»?1 


————— 


2rr Sat 


, -=É A will be a stagnation porn (Y^ 
at Ths Pont. Thus, trom E4.0) 


Aint 
21k 





ee 


G. 6l 


6.6! | The combination of a uniform flow and a source 
can be used to describe flow around a streamlined body 
called a half-body. (See Video V6.5.) Assume that a certain 
body has the shape of a half -body with a thickness of 0.5 m. 
If this body is placed in an air stream moving at 15 m/s, 
what source strength is required to simulate flow around the 





body? 
The width of half- boda = Zmb ( See Fig. 6,24) 
So That p- (5. Sm ) 
z = 
Fron E3.6.79 
hz em. 
27 7 


Lo here x] IS the source Strength, and Theve fore 


0.3. 
fm = ArU = 277 (15 an) ( ——— 
| ^mm > 
rà 


m S 


6.62 


6.62 A vehicle windshield is to be shaped as a portion of a half- 
body with the dimensions shown in Fig. P6. 62.(a) Make a scale 
drawing of the windshield shape. (b) For a free stream velocity 
of 55 mph, determine the velocity of the air at points A and B. 





Windshield 


wie 
S4 


WX 


A 2.0 ft 
WB FIGURE P6.62 






U = 55 mph 
e 


(A) From tre Figure 


b+ reose = Z ft (1) 
V Sino = 1.544 (2) 
Gna Pm Q hall- body 
— LOr-89) [2 4.100) 
p= UA (eg 


The above egu ations Can be Combined te give 
] k | "A. 


T--6 tin 2 o hs 
Qna A trial 4nd error solution hy O Gives 
O= 0.83? rad (¥#/°) 





So Theat 
5 kr sin@O " L5£f£t —— 0.551 £4 
TT — 6. TT- 0,634 rad 
Thus, 
p= 4s) ft (17-8) T 


Sin & 


E fuation (3) 21e The profile of The 
Windshield Ang With X-rCo0se8 aud 


ys 3.208 The Xand Y coordinates Can be 
obtained. Tabulatedh data and a plot 
of The data follows. 


4 Cond) 
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| ©. 62 (Cent) Theta, rad r, ft x, ft y, ft 


(b) 


3.142 0.651 -0.651 0.000 
3.042 0.652 -0.649 0.065 
2.942 0.655 -0.642 0.130 
2.842 0.661 -0.631 0.195 
2.742 0.669 -0.616 0.260 
2.642 0.679 -0.596 0.326 
2.542 0.692 -0.571 0.391 
2.442 0.707 -0.541 0.456 
2.342 0.726 -0.506 0.521 
2.242 0.748 -0.465 0.586 
2.142 0.774 -0.418 0.651 
2.042 0.804 -0.364 0.716 
1.942 0.838 -0.304 0.781 
1.842 0.878 -0.235 0.846 
1.742 0.925 -0.157 0.911 
1.642 0.979 -0.069 0.977 
1.542 1.042 0.030 1.042 
1.442 1.116 0.144 1.107 
1.342 1.203 0.273 1.172 
1.242 1.307 0.423 1.237 
1.142 1.432 0.596 1.302 
1.042 1.584 0.800 1.367 
0.942 1.771 1.042 1.432 
0.839 2.015 1.346 1.499 








y^- U* (142 
aint A Is a m pornt So That ya-20 


AL the top of The windshield (Point 5) -= 0.834 rah ank 
k= Z.0; f+ So That 
Lt EET $2 


6.2 mph 


2 


b. 
2 cos © T e 


0.65) ft 
Z, 0! £0 £t 


5-6l 


) 


1.500 


(Fg. 6.101) 


2, 55! 4t 
) cos (0 939 rad) + to 24] 
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6.63 One end of a pond has a shoreline that resembles a 
half -body as shown in Fig. P6. 63. A vertical porous pipe is lo- 
cated near the end of the pond so that water can be pumped 
out. When water is pumped at the rate of 0.08 m*/s through a 
3-m-long pipe, what will be the velocity at point A? Hint: Con- 
sider the flow inside a half-body. (See Video V6.5.) 





oy Var at 
“ls Di ye ^22 eer 
=} oe DER Pie, 
as sf Se ns » e Porn 
HE yet AA c 
ELE a ws 
Vea CAEN ON a T 


E nE P6.63 





for a half-bodg, 


Yr Uesnor Zeo (Eg. 6.97) 
IO Tha £ 
72 = ae, A LA 5170 
Qnd 2 
|. 1 OY . An^ 
Thus at peat A, O50, F= $^ aad 
Vp so 





VA = ut 2m is) re 


3 : 
For & tow va te of 0,06 = /^ a F-m long P'Pe, the. 
Source sfrengih w 2 — am |. Since 











S 
be (Eg. 6.99) 
Ee a" 3 : = 637 x10 > 
AT (5) 
- yy " Ly 3 


- 7 
= 2.49 X /0 = 
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6.64 


(12 e Pix, y) 





6.6/4 Two free vortices of equal strength, but opposite direction 
of rotation, are superimposed with a uniform flow as shown in 
Fig. P6.64% The stream functions for these two vorticies are 
y = —-[XT/27)] In r. (a) Develop an equation for the x-com- 
ponent of velocity, u, at point P(x,y) in terms of Cartesian coor- 
dinates x and y. (b) Compute the x-component of velocity at 
point A and show that it depends on the ratio l'/H. 


y 
(Q) For Vortex Ci iy Y z a "MP r P(x,4) 
and er —u., 
n : [7 " 
= ^ 
Where Singe: — —-' 





Gone) ay ee x2] ‘fo a 


And h- [(y- xs] !/ 
so ‘that 
at EXC f MSi de 
For vortex (2), B= =E har, Vaz 


2r e 
Ana $: 3 (1 | ki J u OS eu 
647 ant, as Snown. z € 


U, = — Voz sn aL 


| H 
Where Sin g! j 


(44H) x*] ^ 
Å / 
A (yr e * 


So that 


i -(£) 7 M) 
w zm (4+ Hr x? (cont) 
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6.64 (Cont) 


Thus, Combining The two vortices with the uniform flow 
Gives the x- Component of Velocity 


u=uk,+4,+U 
DI a 4 tH 
> ë cub ie Ae AJ 
^T Ud-HO*.x* Gt) y j T 


(b) At pont ^ Where Xzuzo, Eg., (I) gives 


; 
i 


| 6.65 | nav. 


6.65 A Rankine oval is formed by combining 
a source-sink pair, each having a strength of 36 
ft?/s, and separated by a distance of 12 ft along 
the x axis, with a uniform velocity of 10 ft/s (in 


the positive x direction). Determine the length 
and thickness of the oval. 


A. pm uu]? 
Y mma 7 6. 
zc Ez | ay cae 
2 n U JL 
Al [ry _1| ben | 2022) 2 | (Es. b 107) 
Q 2 e 
For mede ^4 -6ft, and Lf 2 js £X. 
ee, wi UU. wey 
ji 3, f£ 


Thus, lengh =2l 4nd From E24, 6./07 


z 
length= 2 (bft) E * 1 


I 


13.1 ft 


Ihe Tarckness, 2%, can be determined from E42, 6.104 by 


trial and error. Assume value for 4 Je. aud Compare 


wy 7h right hand side of £3. 6.10? (See table below, ) 


A t iyi) ton [2 6352] 





Ov. SO O. 261 
0.251 O.262 
Ó. 252 Qo. ESE 
O. 253 e. 250 «— use 


Thus, A x 0.2523 
Qo 
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*6.66 Make use of Eqs. 6.107 and 6.109 to 
construct a table showing how la, hla, and t/h 
for Rankine ovals depend on the parameter z Ual 
m. Plot l/h versus 2 Ua/m and describe how this 
plot could be used to obtain the required values 
of m and a for a Rankine oval having a specific 
value of { and ^ when placed in a uniform fluid 
stream of velocity, U. 


(£9, 6.107) 


and " 
4 mUa f 
À a MEY- ] |a nVa), | (Eg 6.103) 
wheve The length of The body is 24 And The width ıs ge . 
for a given Value of wl alm, £$.6./01 Can be solved 
for Lla, Qna ££. 6./0 Can be solved (450g a^ 1 Leration 


procedure ) br Ala. The ratio AIR can then be determined 
Jabula ted data are Given below. 


nUa/m tla h/a uh 
(0 —— 1049 0443 7342 
5 1.095 0263 4.169 
1 1414 0860 1.644 
05 1732 1.306 1.326 
01 3317 3111 1.066 
005 4583 4435 1.033 
001 10.050 9983 1.007 
A plot of the eate is shown on The next page. 


(Cont ) 
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C lont ) 










































































For a Kankine ovel with L and & specified the following steps 
Coule be followed fo determine m and a: 
(1) For a given LJA determine the reguired value of TI Ua oem 


from The Graph . 
(2) Using This value of Wal mn Calculate 4a trom £9, 6,107. 


(3) Wim The value of Lfa cletermmed), Qnei L specified dettrmne 
The talue of a. : 

LE) ju; Th 7TUa/m and & de terminer 3 The value of Lr /um 
Is known, and for a given U The value of m is fixes. 
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b. G7 


6.67 An ideal fluid flows past an infinitely long 

semicircular *hump"' located along a plane " 
boundary as shown in Fig. P6.67. Far from the di 
hump the velocity field is uniform, and the pres- 
sure is Py. (a) Determine expressions for the max- 
imum and minimum values of the pressure along 
the hump, and indicate where these points are 
located. Express your answer in terms of p, U, 2 ! 77 
and po. (b) If the solid surface is the w = 0 stream- 

line, determine the equation of the streamline FIGURE P6.6 7 
passing through the point 0 = z/2, r = 2a. 





(4) On The sur dace of the hump, 
$a p jab fi> t sive) CEg 2b) | 
O 


The maximum pressure occurs Where sin Ozo or at 820 7 


and at These points 
P lmaz) 2 P +u (at =a aut T) 


J 





The midd Dar pressure pecurs Where sin 6=/ or at o. T 
Qnd at dus point 


E 3 * 
Elma) $-3fV7 — 6t e= FT) 
(b) For uniform Flow in The negative X- clivection , 


p=- Up (1 - a) she 
[reder to discussion associated with The derivation of E3. 6.12.) 
. oF i 
At Gz E ) F22« B " 
a m LL I 
sisi = fe lsgsodm- 
"mI Hr (! ii Nu - 
aud Thus The e guazion of The streamline passing Through 
This point is . 
23aps-Uríf- a` Jome 
oe 


) 
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6.68 X Water flows around a 6-ft diameter bridge pier with a 
velocity of 12 ft/s. Estimate the force (per unit length) that the 
water exerts on the pier. Assume that the flow can be approxi- 
mated as an ideal fluid flow around the front half of the cylin- 
der, but due to flow separation (see Video V6.8), the average 
pressure on the rear half is constant and approximately equal 
to !/ the pressure at point A (see Fig. P6.68). 








From Fig. 6.29 ıt fellows That the drag 
64 a section C between P=0 ana O =d) 


of 4 Clreular cyhnder 53 Given bg The ef uation 


" 
Drag = yes 7 -fz COSO adG 
O 
for The force on THe doi helf of The cylinder ( per 7725 lengt) 
"a 
Ch -2f £ ash ade (1) 
T, 
AN A aqe Lo Symmetry Fy 7 0. From fe. 6./lL 
c B 
£z f, s zpU () - 4 sino) (Ez 6m) 
Anoe slice De ore only interest ead in The force due £o 
The Flew ing Jud we wll fet 2-0, Thus from £g. 
Tr 


m aj z^v* (1 — & si" 8) ease A de (2) 
5 7 E E 
{nce lesb d e 3g smo | =z —/ 
TT 
TJ, ^. 
F 5/128 EE / 
QA d [ s) eosed = a TCU 
7/ "à 
2 
(Cont ) 
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Ai. ( cont) 
It follows trom Eg. (L) Tha t 
es TA 
pr -eF 
Mote Thet Jhe negative SIgn Indicates Tnt The water & actualy 


Pulling” on The C g linder font half) i^ Tne a pstrean director. 
When Thé effect of tre rear holf of The cylmder & taken 


However , 
inio account (jn a real Fluid ) There wilt be a net drag in the divecton of fow. 
Zhe pressure ab The top of the Cylinder (point A) /5 3 iden by j 
WA * > ^ 
p= B+rap/ (1 — spud) (Eg. b. ng) 
Qua with O =: TA 
. 3 " 
fh = 8 “EF U 


Jince P, =o = 
Pa- z/ Uu 
Mate That The negative pressuve will awe a positive F, 


QA | 
= Al x YO ecte 2- "A 
LÍ 3 projected area L X tall) 
3 - 
pua 


Se That A p^ ( Y 
HX 24 = 
E, r^ f ') 
Thus 
Reh +h, 
= |p aV , 3U 4 
3 Z 





= 7 2 
mE 


With the data given, 
E= TOn ERE 2) GA) = T 4 


a | 
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*6.69 Consider the steady potential flow around the cir- 
cular cylinder shown in Fig. 6.26. Show on a plot the vari- 
ation of the magnitude of the dimensionless fluid velocity, 
V/U, along the positive y axis. At what distance, y/a (along 
the y axis), is the velocity within 1% of the free-strcam 





2U 
velocity? y = 0 i / . 
y 
Along The ~axis Vi=0 So That the magnitude FIGURE 6.26 
of Me velocity , V, ks equal Yo [t|]. Since 
a * 
L^ _U (1+ E) SINS (Eg 6.115) 


(o follows Tht along the positve y-axis (B- EF =4) 
V: tele U (it RJ 


a* / 
di. & [+ 
F (£)* (1) 
labulated data and a plot of The data ape gen belor). 
ITF Can be seen from These results Net for 


Js 
a ~ /0 


The velocity V is within 





/ 9, of The. -ree -streqm Velocity 


2.000 


yla 
1.00 
2.00 
3.00 
~ 4.00 
9.00 
6.00 
7.00 
8.00 
9.00 
10.00 


VIU 
2.000 
1.250 
1.111 
1.063 
1.040 
1.028 
1.020 
1.016 
1.012 
1.010 





VIU 


1.900 
1.800 
1.700 
1.600 
1.500 
1.400 
1.300 
1.200 
1.100 





1.000 pp tet 


1.00 2.00 3.00 400 500 6.00 7.00 800 9.00 10 00 
yla 


— a 






Calculated 
from Eq. (1) 
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6.70 The velocity potential for a cylinder (Fig. ae 

. P6.70) rotating in a uniform stream of fluid is — 
a? i =E 

p = ur (1 +4) coso + Lo E 

where [ is the circulation. For what value of the E 
—» 

—» 


circulation will the stagnation point be located at: 
(a) point A, (b) point B? 





—- m 


FIGURE P6.70 


E ( £ 
) . = = ls : 6.122) 





At point A; Bag 7o and wt fellows That ['=0. 


(5) Ad peint B, shag z, and trom E49. bli» 


H- yrUa sin Æ = -"rUe 
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6.7/ 


6.71 Show that for a rotating cylinder in a uniform flow, the fol- 
lowing pressure ratio equation is true. 
Prop — Pootiom u 8q 
P stagnation U f 


Here U is the velocity of the uniform flow and q is the surface speed 
of the rotating cylinder. 





From Eg. 6-123 the pressure on the surface is 


Lol) -sjn + 20 sing D 
( 1) f = f, *zpel (I H sın O + PU = Z7) 


where [' = Vds is the circulation produced by the rotating 
C 


cylinder N 
Thus, for the curve C = cylinder surface where V*4$ = (gê )'ladaê) 
we obtain = ag dé 


i F - (ag d - 2744. 
0:0 


From Eq (I at the top (9=90°); 


3 don A oo qp 
fh» = fa *z QU (1-9 * o 7 ap 


and al the bottom (0 =270°): 4 

foin = ff. tLoD (1-4 - 25 - ee 

so that 

Prop atom ~ 2 6 0" (stag) J where £pU- F stagnation 

Note: The stagnation point has V=0, bv] does not occur at the 
front “edge” of the rotating cylinder. 

Thus, tp -botom = AP 


stagnation maU 
or Using Eq, (2), 


Prop 7 factom = m. (ZT44) = 24 


stagnation TaV 





———ÁÀ 
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6.72 

6.72 (See Fluids in the News article titled “A sailing ship without 
sails," Section 6.6.3.) Determine the magnitude of the total force 
developed by the two rotating cylinders on the Flettner "rotor-ship" 
due to the Magnus effect. Assume a wind speed relative to the ship 
of (a) 10 mph and (b) 30 mph. Each cylinder has a diameter of 9 ft, 
a length of 50 ft, and rotates at 750 rev/min. Use Eq. 6.124 and 
calculate the circulation by assuming the air sticks to the rotating 
cylinders. Note: This calculated force is at right angles to the direc- 
tion of the wind and it is the component of this force in the direction 
of motion of the ship that gives the propulsive thrust. Also, due to 
viscous effects, the actual propulsive thrust will be smaller than that 
calculated from Eq. 6.124 which is based on inviscid flow theory. 


= TP pr p per unit length) (E3. b, 124) 


On the Cylinder sur face 
xs 
V = Fw A and dc = rdo €, 
So That 
zm i . 
[= Craw Ilr de) Ge = ITV’ 
lev rad |! th 
Caras ( 750 fer) (am Cat) (cm) 
= 4940 ft 


U = — 13, ẸĮU 
F,* - ( o. 00238 > Tht! (Gaqo F s 


(A) Foy a etylinder with length = Boft and 
Number of Cylinders -2 And wind Speed = [0mp 


[Fs |= (22.8 Bt fo C) (e 9 C2 


= 34400 |b 


lj 


and 





(b) At 36m ph 
[|= 3x (Rye tomph) = 105, 000 lb 
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6.73 


6.73 A fixed circular cylinder of infinite length 
is placed in a steady, uniform stream of an in- 
compressible, nonviscous fluid. Assume that the 
flow is irrotational. Prove that the drag on the 
cylinder is zero. Neglect body forces. 


3m 
Drag 3 Fy si -f 7 (2:6 a df (Eg. 6.117) 
Ó 
Ae pr ipU (1 #06) (£g, 61e) 
Thus, 2T 


zi 
OL 2 
Drag = - ap | cose dB + S gv? | cose dé 


277 


— 1a pv ^| sit cos d 
Ò 


Since, 2T LTr 
| useaa = sino =O 
Ó ò 
2T LT 
aud . B J. 
Sin^& tose dp = a = e 


6 


it ls lam That 
D ra 4 =O 
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EET 


6.74% Repeat Problem 6.73for a rotating cyl- 
inder for which the stream function and velocity 
potential are given by Eqs. 6.119 and 6.120, re- 
spectively. Verify that the lift is not zero and can 
be expressed by Eq. 6.124. 











27 
Drag = Fy = -f i Cose ade (Eg. 6.117) 
ò 
2 
l 2 M ^ 2[l'sinB » ‘i È é./23 

B= ht of” (1- sino ET - aria) (i ton 
Thus, 2m aT A 
Drag = - ap [ used «sj | o | 
Ò i 
LT " IT | 
P" | 
t d | coso smo do - Lj Cos 46 | 
taU á eT a Ò 








2T 

"e “ 2 sine | =o 
SnO Cosodo = — ] | 
x 3 J, | 
n UM T zl | 

a | coso sinD db = pa l =O 
0 o | 
| 
it follows Thet | 


Drag =O 
(con't ) 
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| 6.74 ( Con ) - -a —À 


QF 
Lost = F, = -| 4 sin8 ad ( Eo. 6.118) 
Ó 


w, th T Given by Eg. 6.123 ^f da | Pore that 


2T 


7T LT , 
Lift: - ap | sino de + X pU  [siveus -a srt 
à 


alr x 2 TT 
E fu n | 
2 Sin 8 dB — —a sin & dé 
? Tra U Ó “TT a U Ó 





T 
and aT 5 
. CoSO /_:2 u 
| sin à dO AO = "3 (siv O +2) =O 
Ò 


and au 2T 
| sin 6 dê E = size )| -g 
o Q 

rt follows Tha t 


Llc tpv (2— Jm 


Tal 


Thus, 


bits - pul 


(Which T: Eg. 6.124) 


6.75 Ata certain point at the beach, the coast line makes a 
right angle bend as shown in Fig. 675a. The flow of salt wa- 
ter in this bend can be approximated by the potential flow of 


an incompressible fluid in a right angle corner. (a) Show that 
NS 
Dividing 
P dom 


; 
the stream function for this flow is v = A r? sin 26, where A is 
a positive constant. (b) A fresh water reservoir is located in the 
corner. The salt water is to be kept away from the reservoir to 
avoid any possible seepage of salt water into the fresh water  . 
(Fig. 6.756). The fresh water source can be approximated asa | , Ti | 
line source having a strength m, where m is the volume rate of | : i | TEAM m 
fas ibe Atie LLLI wath am orent nad 1 


flow (per unit length) emanating from the source. Determine m " 
if the salt water is not to get closer than a distance L to the cor- Fresh water Fresh water 
ner. Hint: Find the value of m (in terms of A and L) so that a source 
stagnation point occurs at y — L. (c) The streamline passing (a) (b) 
through the stagnation point would represent the line dividing 

EFIGURE P6.75 
the fresh water from the salt water. Plot this streamline. 


e. 





(A) for the given stream function, 
P= A risinze 
along Q-o Y=o 2 a L -L A V-o. 
Thus, The rays O0 and O=>=Th car be yeplac ecl 


With a seed boundavy Gloag Which The stream 
funetioy must be Constant. This boundary 
forms 4 right angle ana Therefore This stream 


function Can be Usta m represen} flow in a 
Yight angle Corner. 


(b) Since 
piz 4 2% - 2Z2Arcos 2b 
at O =T) 
T ZA FcesT = —ZAr 


For a source located at the origin 


. am 
Z 77 
L- d 
I TT 1 $5 zT 


To Create a stagnation Point atl = and ez 
Jet V, = Vr, 


(Cont ) 
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G.75 (Cond) 


TAUS, AH 
2^L 7 SEL 
ank 


m= ¥T AL 
Gives a stagnation por + at r=L, 8-75 | 
(C) The combined stream func toy 13 
Q= A r*s;p 28 + É & 
qund with frmz ATAL’ 
UÜzAr*sn25-2A1]^0 
The value of U at the stagnation pomt (rel, Batt, ) is 
Fee AL* sin tT + 2 AL (t) 
= ALT 
Thus, The eguation der The streamline passing Trough 


Me STAG NAAM i Point J3 
ALT = Ar’si,20@ + AL © 


gr L5 - 2176 
p Sin 2085 


Gna 
rz — re ro ( 1) 
L | sin 26 


for plotting [et 

x's F cose and 4s Hsin 
Gna & plot of the dividing streamline from 
FQ (D) 45 Shown on the following Page. 





( Cont) 
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C Cont) 
Theta(deg) Theta(rad) r/L x’ y 
10 04176 2.857 2.814 0.496 
20 0.349 1.950 1.832 0.667 
30 0.524 1.555 1.347 0.778 
40 0.698 1.331 1.020 0.856 
50 0.873 1.191 0.765 0.912 
60 1.047 1.100 0.550 0.952 
70 1.222 1.042 0.356 0.979 
80 1.396 1.010 0.175 0.995 
90 1571 1.000 0.000 1.000 
| 1.20 
| Lc. 


1.00 


Se sp S 


6- 


80 





1.50 
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6.76 Typical inviscid flow solutions for flow around 
bodies indicate that the fluid flows smoothly around the 
body, even for blunt bodies as shown in Video V6.10.How- 
ever, experience reveals that due to the presence of viscos- 
ity, the main flow may actually separate from the body cre- 
ating a wake behind the body. As discussed in a later section 
(Section 9.2.6), whether or not separation takes place de- 
pends on the pressure gradient along the surface of the body, 
as calculated by inviscid flow theory. If the pressure de- ae. 
creases in the direction of flow (a favorable pressure gradi- — 
ent), no separation will occur. However, if the pressure in- —> 
creases in the direction of flow (an adverse pressure = 
gradient), separation may occur. For the circular cylinder of -F 
Fig. P6.76 placed in a uniform stream with velocity, U, de- m FIGURE P6.76 
termine an expression for the pressure gradient in the di- 

rection flow on the surface of the cylinder. For what range 

of values for the angle 8 will an adverse pressure gradient 

occur? 


AAN 


From Eg. 6.116 
Be pt dp (1-4 anto) 


of = fev ET Cos © l1) 
20 p 


Since an adverse pressure gradient occurs er a 
poss Aire ÒR Jo, (T follows Tren Eg (1) Wut 0 
Alls m The range of T 90° for an adverse 
Press Ure gradient. This range CO rre sponds b he 
Vear half of The Cylinder. 


8l 


oO 
| 
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6.75 For a steady, two-dimensional, incompressible flow, the ve- 
locity is given by V = (ax — cy) + (—ay + cx)j, where a and c 
are constants. Show that this tlow can be considered inviscid. 


For a two-dimensional flow {he shearing stress js 
~ - du N 

iny = Ty =k Cay tax) 

With U=ax-cy and m =-aytcx we oblan 
hy “A(-6 tc) =0 


Thus, Tey 22. for all x,y and the flow can be considered 
inviscid with no shearing stress. 
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6.79 Determine the shearing stress for an eee Us Newtonian 
fluid with a velocity distribution of V = (3xy* — 4 »yu + 
(12:2 — yj. 


The sh rp stress for an incompressible Newtonian fluid is 
dy 7 Be =A (Sy + i) 
» a wr e 


lay y f^ = y (I " 
For the given vel ocity rector 
4 = 3xy" - 4x? 
A -/2Xy -y* 
ur - Q 
Ths, 


Try “(bxy * 24 xy) = 394 Xy 


lys - Ju (0 +0) = 0 
and 


Tax = (040) ed 


* Mole : For the E ven "nid 
y.V = 24 g4 E a -(3y -/2x*)t(12x -3y^) * (0) =O 
Hence, 
VV =0 , the flow js incompressible. 
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6.80 The two-dimensional velocity field for 
an incompressible, Newtonian fluid is described 
by the relationship 
V = (12xy? — 6x3)i + (18x2y — 4y')j 

where the velocity has units of m/s when x and 
y are in meters. Determine the stresses Gr ys, 
and t,, at the point x = 0.5 m, y = 1.0 m if 
pressure at this point is 6 kPa and the fluid is 
glycerin at 20 °C. Showthesestresses on a sketch. 


E -pt zp 2 (Eg. 6.1224 ) 

Tuy z> p+ th ir (Eg. 6,175 b) 
E Qu av 

[P ay * ) ( Eg. 6.12€d) 


For The given Velocity distri bution with X=O,5an and 4=lom: 


ti 


2 2 
[2y —-I& x* = 12 (40) = 18 (os) = 7 $5 7 


Gh = LY xu = A4 (6,5) C10) = 12.0 + 


l} 
nf. 


XV 
S 
i 


SEX GH 3é (o.5)C/.0) 18.0 


i 


Ov = ME" pst v 48 (0.5)*- 12 (10)?  - 150 7 


z 3 N » N^ S 
Thus, for p= 6x —, and K= Lgo MS, 


3 N.S i 
T= -6x10 = + 2 (L70 w) (250%) = ~5 784 
k h 








EV 3 N E 4 
Toy = ~ bx10 Z, + 2 (150%) ) (7505) = = 6.02 


iu z fsa WS E + 19.03 ) = 45,0 fà 


m>? 
b, 02 & Pa 


45,0 Pa. 
a F3 
"n 5,28 kR, 
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Yes pect Fou , 


B y cle fin, Hou 


6.81 For a two-dimensional incompressible 
flow in the x-y plane show that the z component 
of the vorticity, €,, varies in accordance with the 


` equation 


DE | es 

Dt Vit: 
What is the physical interpretation of this equa- 
tion for a nonviscous fluid? Hint: This vorticity 
transport equation can be derived from the Na- 
vier—Stokes equations by differentiating and elim- 
inating the pressure between Eqs. 6.127a and 
6.127b. 


For two- dimensional Flow with 


WU =o 
) 


Es. 6.1214. 


veducea to 


gu Ou gu\__a e. 
p (H + utari), BPs og sm EAEE. 3 (1) 


and Ea, L/27b recluces to 


2àU- 
f? jt «ar ^ à 


3 àu- 2v àv ~~ 
— "ca Ue A xe — ge MU ow 


2 str btw 
A LR Mte) 
( see Ee. 6.17) 


Po 45. Ou 
2° 2X Qu 


Ke-w te Eg , (3) to obtain 


2 [ow au 2 ( $2.35) y 
zE (ax ag ] "3S XT ay 17 


ay wav). - GP 


Ou ou 
= +u Bx + ur 
P pe EE l 
P TIN s.) 

29 2m. 

2t Ox 


+ Phy t tu 


D, Fferentiate Eg, U) with ves pect +. d and Eg. (2) «TA 
and subtract T (1) From 


Qu v 


Eg t2) + obtain 


—— 
= 


£) a 


(3) 


( +) 


| 6.8/ (Cont ) 


Since each term yn parenthesis in TA ls f. 
zt fellows That 


Eu Be yp the (REPAY ia 
Dar 2 X ext 


The lett side of Eg (5) Can be expressed as - Eg. Vs) 


D fa where The operator Dt ) 1S The material 
Dt Dt 


derivative The vight hand side of Eg (§) Can be. 
Expressed as 

Vf 
cJ here V = hp So That Eg. (5) Can be Whttu as 


Foy a nenviscous fluid ,w-o9. Quo in This Case 


Th US, for a two-dimensional flow of an incompressible, 
(Jon VISCOUS 4l urd The Change in the Yor ticity of a 


Fluid particle as it moves Through the tlow Leld 
T Jero. 
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6.02 The velocity of a fluid particle moving 
along a horizontal streamline that coincides with 
the x axis in a plane, two-dimensional incom- 
pressible flow field was experimentally found to 
be described by the equation u = x’. Along this 
streamline determine an expression for: (a) the 
rate of change of the v-component of velocity with 
respect to y; (b) the acceleration of the particle; 
and (c) the pressure gradient in the x direction. 
The fluid is Newtonian. 


(a) From the Continurty equation , 


Qui - 
2x" ay © 

so Thak with T a 
OV" — ĝu E Ex 
OY Ox 


Also, Eg (1) Can be integra tec wi Th respect to y te obta i. 


fav = f - z«4s 


or 
V- = — 2Xu + Tx) 
Since The X-axis is a Streamline, r:o along This axis aud 
therefore ft (x)J20 so That 
y m — ey 
OT age uh ear Bs GO)x) + (-2x9)06) = 2x” 
2 
gr pd = (xS) 24) + (-249)(- 23) = 2*4 
ay = e 2x. ES CAS d 4) ) 


Along X-axis, y=0, aud therepre 447°. Thus, 
E 347 
(E m 64 
ce) From Eg. 6./27& ( to itn 4x =o), 


aat ER a ye 87H 
A ($2 +5 


Cs) 
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6.84 Oil (u = 0.4 N-s/m’) flows between two fixed horizontal infinite 

parallel plates with a spacing of 5 mm. The flow is laminar and steady 
with a pressure gradient of -900 (N/m^) per unit meter. Determine the 
volume flowrate per unit width and the shear stress on the upper plate. 





From Eg. (6.136) 
g = volume flowrate perunit width out of the paper 

3 2 hA M) A 

CAPE where ME =~ 40 
For this flow 2h» 5mm or fh = z.5mn =2.5x10°m 


and Ap/L =(+900M/m*)/m = «900 N/m? 


Tho 
7 2 (2.sxI0"m)*(900 m3) _ » ayy H 
$ |. 3 (0o, 4 Ms/nm?) = 
d U 
The shear stress is (xy = (Sy * 4%) 
where 
a d ~ pz 
= alg yh”) = "zr -h*) 
and 
w -0 
lence 


xy = -paer =- fy 
On the upper Plate yzh so that 


upper = magnitude of shear stress on upper plate 


s SE h = (9004) (2,5 x10 m) = 2254, acting in the 
positive X-direction( the direction of flow). 


ce 


6.8S Two fixed, horizontal, parallel plates are spaced 0.4 in. 
apart. A viscous liquid (u = 8 X 10 ? Ib. s/ft?, SG = 0.9) 
flows between the plates with a mean velocity of 0.5 ft/s. The 
flow is laminar. Determine the pressure drop per unit length in 
the direction of flow. What is the maximum velocity in the 
channel? 


V = 34 Pa (£4. 6. 137 ) 


AP. 3«V. 3 (2x15) AaS #) 
A” =a) 


/2, in. 
ft 


= To DA. per tt 





Umax 


> 
Ei V (Eg. 6.138) 
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6.86 A viscous, incompressible fluid flows be-i 
tween the two infinite, vertical, parallel plates of 
Fig. P6.86 Determine, by use of the Navier— 
Stokes equations, an expression for the pressure 
gradient in the direction of flow. Express your 
answer in terms of the mean velocity. Assume 
that the flow is laminar, steady, and uniform. 





Lid] 


FIGURE P6.86 


With The ecordinate system shown &-0,ur*0 and from The 
continuity ef uation ge =O. Thus, from The Y-tomponent 
of The Navier-Stokes "24 uations (£43. 6.1276), wth $47 7d, 





= aR _ dèo (1) 
| em 5 Pg * % dx > 
J/nce The pressure 1S not a functon of x ; EZ. (1) Can 
be written as 
dP E 
gX* p 
( Where P= gP +03) ond integrated do obtain 
MERE a Z (2) 
r^ b Ro %, 


From Symmetry 24 zo at X20 5o That C20. Lnteg trou 
of Fg (2) yields 


Since af X=th =o it 4efhus that C, = za 
and There bre P ae 
v= Zu ( x -4 ) 


The £Flowrate per, unit width in The Z-direchon Can be EX pressed 4s 


h 3 
= F 2 f2 di. g PH: 
9s | VAX -| É (x> h*) ox xis dem 
i. = 
[hus toi Th V ( mean Velocity ) 91VCH by The €4ua tion 
q 124 
V=: uc 3 E 
it PAN Wat 


Op _ 94V | 
M =~ a C8 


h 
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6.87 A fluid is initially at rest between two 
horizontal, infinite, parallel plates. A constant 
pressure gradient in a direction parallel to the 
plates is suddenly applied and the fluid starts to 
move. Determine the appropriate differential 
equation(s), initial condition, and boundary con- 
ditions that govern this type of flow. You need 
not solve the equation(s). 


D, K ferentia / € $ ue tions eve The Same as Egs. 6/29 6.130, ana 
6.13) except That Ze X O Csince The Flow 18 unsteady ). 


Thus, £4. G./29 rmnust 14 clude The J/oca/ acceleration terra, 


a j and The Go verning d tevertha/ uations are : 














i ef | ee 2d g*u 
( x- divechou ) 2i mL "P pm (wrth 22 = constant} 
(4- divection ) oO = -1 zi: 
[Z- divection ) 2 oF 
Lndal Condi tion : bee for *-—o for all 5. 
Boundary Conditions ` =o dor ts ke fee Xe. 
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6.88 (See Fluids in the News article titled “10 tons on 8 psi,” Section 
6.9.1.) A massive, precisely machined, 6-ft-diameter granite sphere 
rests upon a 4-ft-diameter cylindrical pedestal as shown in Fig. 
P6.88. When the pump is turned on and the water pressure within 
the pedestal reaches 8 psi, the sphere rises off the pedestal, creating 
a 0.005-in. gap through which the water flows. The sphere can then 
be rotated about any axis with minimal friction. (a) Estimate the 
pump flowrate, Qo, required to accomplish this. Assume the flow in 
the gap between the sphere and the pedestal is essentially viscous 
(low between fixed, parallel plates. (b) Describe what would hap- 
pen if the pump flowrate were increased to 2Q,. 





ZFIGUAE PG. 


es Yn F psc O psc 


(a) 27 7m 





where g = flowrate (Bo 4.136) 


Unit width 
Co ^ 0.005 In. 


0.005 in. . TA AP t 
bs —" - 0.0025 in. = 2.08 XIb £L ^. 
in" ) PY"? ree te 2 ea 


g (2)(2 og xio a) (3 A ; 
z : In. irhe hos 
3 (2.34 xi? 25 | i'n. | | 
I2 in. fey width = T (4#) 
=A fe? ! 
= 8.8 <1 a pe unit width 


^ | lons 
TES ($.gbxI0- LE) (um ft) = O.Dll| A (4.98 goles) 


(b) Since 3 psc supports the spheve it is expected Theat This 
Pressure remains approximately the same as The Llowrate 


Ineveases . To maintain this pressure The distance A 
woula have +y increase as Cor g ) ls 1ncveased . 


Thus, From Eg. b.136 , 


br (be) 





> 





o 


Nola ! 
OL (23^ (o.0025 in.) = 6,507215 Ih. 





Thus, The gap w: dth would Increase. te 
AP pyoxirnately O.O 0630 1n. 
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D 
6.84 Two horizontal, infinite, parallel plates are spaced — 

a distance b apart. A viscous liquid is contained between the * 

plates. The bottom plate is fixed and the upper plate moves 

parallel to the bottom plate with a velocity U. Because of e M. 
the no-slip boundary condition (see Video V6.1I), the liquid b 


motion is caused by the liquid being dragged along by the 


moving boundary. There is no pressure gradient in the di- i |: 

rection of flow. Note that this is a so-called simple Couette 7 <= 
flow discussed in Section 6.9.2. (a) Start with the Navier- E xu plate 
Stokes equations and determine the velocity distribution be- 


tween the plates. (b) Determine an expression for the 
flowrate passing between the plates (for a unit width). Ex- 
press your answer in terms of b and U. 


(a) For steady flu) with Turo rt follows That The 
Mavier- Stokes Lgu at Das reduce to (th direction of fou) 


o*u 
o=- +p (Fa) (Fe. 6.129) 
Thus eye Gero Pressuve Gradient 


Ie That us C, Y + C, 


At yao wzo and (f aus Dak G =O. Similarly, 
at Yrs w2U and oe ur 
/ here tore, U 


U 
(b) q = u(i)d4 = F ydy = 


Ó 
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6.90 A layer of viscous liquid of constant 
thickness (no velocity perpendicular to plate) 
flows steadily down an infinite, inclined plane. 
Determine, by means of the Navier-Stokes equa- 
tions, the relationship between the thickness of 
the layer and the discharge per unit width. The 
flow is laminar, and assume air resistance is neg- 
ligible so that the shearing stress at the free sur- 
face is zero. 


dx * d sind 


with The coordinate system Shown in The fr gure 
VFO, Ur=o, and trom The Continurty eua tion gue 20. Thus, 


from The x- component of The Wawer -Stokes equations f. £$.6 127a) 
= E DE a sind + d*« Cs 
dil Rs OO TPE aye í 


Also, since There is a tree surface There Cannot be a pressure 

gradient th The X-direction So Tnat PP zo oud Ee (l) 
Dx B 

Ch be writen as 


du J^ 
Lntegra tion yi e/ds 
oe 2 = (ef sth )y + C, C2) 


Since The Shearing stress 
Ju au 
[or dt a Fo T Jx ) 
equals ero at The free Suv face (524) it follows That 


gh =o at yak 


a4 | 
So That The Constant in £23.t2) IS 
C, = E Sind 


LA tegration of £2.02) yrelds 
i C 
u=- (A8 sinu) + [28 s 4); F 5, 
Since “K=O at g*290, Ya Fo/lows that Cc, 70, ånd There hre 
, 2 
u= CF sima (*3- 2) 1 


The flowrate per unit width can k expressed as 7 ji u dy 
So That 


Á É . 
DF g gA sına 
gj n (hy T )4« É 


Za 
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6.31 Due to the no-slip condition, as a solid is pulled out 
of a viscous liquid some of the liquid is also pulled along as 
described in Example 6.9 and shown in Video V6.!l. Based on 
the results given in Example 6.9, show on a dimensionless plot 
the velocity distribution in the fluid film (v/Vp vs. x/k) when the 
average film velocity, V, is 10% of the belt velocity, Vo. 


From Example b.f, The average velocity 13 given by the ofuation 


2 
V= V7 Jk C1) 
with the velocity distri bation 
ag) go xt Dur a 


Lt Vzo.ly, , Then frm E3. (1) 
0.1 V,= V, — oh” 
3X 
or = XY A^ 
fo " zu 


Zn ri a Jess a E (2) bt comes 


ny A) » 





( 3) 


"ui 








From EG 3) 
2 
oh = Zell 
V» 
qnd £2. E can be written as 
Ve /as(7)*- oO): (5) 
A Plot v Tne velocity distri bution is shown below. 
x/h v/Vo 
0 1.000 
0.1 0.744 
0.2 0.514 
0.3 0.312 
0.4 0.136 
0.5 -0.013 
0.6 -0.134 
0.7 -0220 
0.8 -0.296 
0.9 49.387 
1 -0.350 










|Calculated from 


Eq. (5) 
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6.92 An incompressible, viscous fluid is 
placed between horizontal, infinite, parallel 
plates as is shown in Fig. P632. The two plates 
move in opposite directions with constant veloc- 
ities, U, and U,, as shown. The pressure gradient 
in the x direction is zero and the only body force 
is due to the fluid weight. Use the Navier-Stokes 
equations to derive an expression for the velocity U» 
distribution between the plates. Assume laminar 

flow. 





FIGURE P6.92 


For The specifi ec! Condi trons, v=o, =o, cP so and 2. 20, 
So That The X- Component of The Navier - Stokes € gua tions 
( Eq. 6,/27a) reduces to 

gu e. 

d 2. C/) 


Late gra tui of Eg ts) q eles 





(26 9r ba C 2.) 

For y= e AK oc-0 and Therefore trom Eg .¢2) 
fe = Br 

For k b, y=, So that 

(Or C, b Ui 
or P U; t D 

fat +o 
Thus, 1 

U, t 

unl — E - 





6-96 


6,93 


6.73  Twoimmiscible, incompressible, viscous 
fluids having the same densities but different vis- 
cosities are contained between two infinite, hor- 
zontal, parallel plates (Fig. P6.93. The bottom 
plate is fixed and the upper plate moves with a 
constant velocity U. Determine the velocity at the 
interface. Express your answer in terms of U, 4, 
and 44. The motion of the fluid is caused entirely 
by the movement of the upper plate; that is, there 
is no pressure gradient in the x direction. The FIGURE P6.33 
fluid velocity and shearing stress is continuous 

across the interface between the two fluids. As- 

sume laminar flow. 





For The spec/ tied conditions v=o, Ww -O, p ma and fix Xx 5o 
that the x- component of the Navier-Stokes LE (eg. 6.1274) 


for eher The upper or lower layer reduces to 








d2u _ 
dye ~° (7) 
Integration of — Eg. tl). yelds 
u=Ay £8 


Which gives The velocity distri bution ty erfhev layer. 
Ln the upper layer ak y= 24 , uz U seo That 
8 -U-A, (25) 
where The subscript | refers to the upper layer. 
For the lower lager ot Jaa u=o So That 


B _ =o 


2 
Where The subseript 2 vefers to the lower layer. Thus, 
4 az A, (y-2h)+U 
ana 
É H, 7 A, J 
At yah UC, = 02 Jo That 
A, (4-24)+0 = Aah 


or 
A,= -A,+ = 
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| 6.93 | ( Cont ) 


Since the Velocity chstribution 1s linear in each layer 
The shearing stress 


" 24 , ar). pdh 
IP (fier). ae 
1s Constant Throughout each layer, For the upper layer 


TAA 
and for the lower lager 


T = Ma Áa 
At the interface [^ = pl So That 
AL A, =M, A, 


or Ai » fia 
#2 fı 


Substitutor of Eg .(2) inte  Eg,) yields 


AT ~ a as wt 


f 
Or UA. 
"o qt ^, 
Thus Velocity ot The interface IS 
U, (4:4) = 44 x E 


U 
| + Az 
ail. 
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6.94 The viscous, incompressible flow between the parallel plates 
shown in Fig. P6.94 is caused by both the motion of the bottom 
plate and a pressure gradient, dp/dx. As noted in Section 6.9.2, an 
important dimensionless parameter for this type of problem is 
P =.—(b?/2 uU) (ðp/ðx) where p is the fluid viscosity. Make a plot 
of the dimensionless velocity distribution (similar to that shown in 
Fig. 6.32b) for P — 3. For this case where does the maximum ve- 


i ? 
locity occur’ NFIGURE P6.94 





| (oP\ 2 | 
zi oP) y? + C qt 6 ( £«. 6.133) 
At 4e At So That ie rp At y=b li = O 


4na Therefore 


Uz 


Oo = Zm 2x i 
= C2 - 2P) p- E 

, LP \ ar b 
Thus 


n 


: 2 sf (ats) + ain 


or /» cm en5/o/ Bi for m 


uU J (1) 
E + sett NG: 4] ~ b | 

Since, d— oF \ 
La m 

Ep. 0 Can be wr Hen as 
u om Ae: 2-1} - Pal ( 
mi - |i EIE | zt! 2) 


A plot of This ve locity distribu ton for P23 
(s shown on The following Page. 


(Cont) 
6744 










































































/ V K loc occur? 
INIaAKI MUM Ve ty 
o determine whe € the | Ñ 
/ Lf Eren Liate E19 (2) aad sez fue y; V Th 
Cle e +a ? u 


dlr) I - PATE) - ]-i =o 


] |l 
J TE 
a Cr) -3|3 (27-1) yi 
cly 
So Mat 
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6.9.5 A viscous fluid (specific weight = 80 Ib/ft*; viscos- U = 0.02 ft/s 
ity = 0.03 Ib. s/ft?) is contained between two infinite, hori- al 
zontal parallel plates as shown in Fig. P6.95. The fluid moves 
between the plates under the action of a pressure gradient, and 
the upper plate moves with a velocity U while the bottom plate 
is fixed. A U-tube manometer connected between two points 
along the bottom indicates a differential reading of 0.1 in. If the 


upper plate moves with a velocity of 0.02 ft/s, at what distance 
from the bottom plate does the maximum velocity in the gap 
between the two plates occur? Assume laminar flow. 





Pr 5 
EIN . 
ALS < 
reg CI z AZ JA Oy 
IRI ERU nomena 


m FIGURE P6.45 


| s WES ad " 
| di de TOR. E ) (s -by ) (£s. 6,/¥0) 


Maximum velocity lo // occur at cChsfonce LN where d; zo. 


Thus, 


tm” "itg 


P + f Ah - Ygg Ah = A 














or 
T-P =(¥q X, Ah 
= b Ib 
(156 Lt $ 4) ( 
Also, |. op. pap O. T Es 
OX ~ "m 
12 om 
Thus, From Eg UI) 
|.O in. 
2s (0.03 L-3 )(o.oz£*) TE 
da" AT us $3 — m t t 
.D an | 
12 !n- )(- 0.334 ZA) i 
Fe 
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6.96 A vertical shaft passes through a bearing and is lubri- 
cated with an oil having a viscosity of 0.2 N-s/m?* as shown in 


Shaft 


75 mm 


Fig. P6.96. Assume that the flow characteristics in the gap be- | Bearing 


tween the shaft and bearing are the same as those for laminar 
flow between infinite parallel plates with zero pressure gradient 160 mm 


in the direction of flow. Estimate the torque required to over- | 
come viscous resistance when the shaft is tuming at 80 rev/min. 
in 5 


il LE Ss mm 


BH FIGURE P6.96 


The tore ue due +t. force dF actig 
on a diffevenhal avea, dk» v; A «le, 
E (see figuve at vight) 


dT = dF = v^ Tide 
where T is the Shearing stress, Thus, 


em 
2 Z 
ere E TA | 4e > mrt 


Thus, From Bq tl) 
‘a 


y 


= ©, 355 Nem 
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í 


2 


f ^ Sha ft length 


(1) 


(Eq. 6.142) 


b is tne gap width, Also, 


amr; (ME) J = mr pod 


3 
is 
an (0.015 m) (0,2 et n rey 


T Yad f mi 
Yev A 605 


! (0, Ibom) 


(0.25 x à m ) 


6.97 A viscous fluid is contained between two long con- 
centric cylinders. The geometry of the system is such that the 
flow between the cylinders is approximately the same as the 
laminar flow between two infinite parallel plates. (a) Determine 
an expression for the torque required to rotate the outer cylin- 
der with an angular velocity w. The inner cylinder is fixed. Ex- 
press your answer in terms of the geometry of the system, the 
viscosity of the fluid, and the angular velocity. (b) For a small 
rectangular element located at the fixed wall determine an ex- 
pression for the rate of angular deformation of this element. 
(See Video V6.3 and Fig. P6.IO.) 





A~ cylinder length 


T^ shearing stress 


(A) The torgue which musi be applied to outer cylinder lo ovevcome Tu 
force due te the Shearing stress 15 (see figure ) 
dT- C dF = Y, (TH LdO) - TA de 


So that em 2. 
T=" ts ae = zT ti (l) 
Ò 
In The gap y 


Since , 


T= de s ED 


CS 


Qua ber y x Y wo (see Figure) , it follows 





6.47 (Con t ) 


(4) From  E4. 6.18 


mrna 





The negative sign Indicates Mat ne original 
hight angle shown in Fig PL.IOS is /ncreasiná . 
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*6.98 Oil (SAE 30) flows between parallel plates spaced 
5 mm apart. The bottom plate is fixed but the upper plate 
moves with a velocity of 0.2 m/s in the positive x direction. 
The pressure gradient is 60 kPa/m, and is negative. Com- 
pute the velocity at various points across the channel and 
show the results on a plot. Assume larninar flow. 


The velocity dise buten 1s given by The equa ftn 


/ 2 
u= UZ 3a (3 ) 3-99) 
and for the owen data, 


(£9. £140) 


(0.2 m) / 3 
T DIL FH # E 4 E 
(6.005m ) & (6394.5) (- inm 3 IE (0,005m) 5| 
mi ?- 


Jo Dat 


w= "043 7.89x10" (0.005 y - 97) (1) 


LUI Th le ih m/s when y ts in mM. 
Ta bulate d data Rad a plot of The dato. “are 














GIVEN below. 
ym u, m/s 0.005 
0 0 | | 
0.0005 0.1975 | | 
0.0010 0.3556 0.004 - | 
0.0015 0.4742 | 
0.0020 0.5534 
0.0025 0.5931 0.003 - 
0.0030 0.5934 € 
0.0035 0.5542 = 
0.0040 0.4756 0.002 4 —: 
0.0045 0.3575 
0.0050 0.2000 
7 zc 0.001 - 
Calculated 
Aes Eq. (1) | 
0 0.1 0.2 0.3 0.4 0.5 0.6 


u (m/s) 
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From the description of The problem, u=0, v=o, $. 
and The continuity eguatiwon indicates That 25 so. (o, fun These 


6.99 Consider a steady, laminar flow through 
a straight horizontal tube having the constant el- 
liptical cross section given by the equation: 


The streamlines are all straight and parallel. In- 
vestigate the possibility of using an equation for 
the z component of velocity of the form 


x? y? 
w=A ( — 2 pi 
as an exact solution to this problem. With this 
velocity distribution what is the relationship be- 
tween the pressure gradient along the tube and 
the volume flowrate through the tube? 


J 


=0 uwr $ tlt) 


Conditions the zZ -Component of The Navitr~Stokes e gua tions f Eg 6127c) 
Vedutes +o 


Due to he ne-shp dounclary Condition ,U =O 


OP _ D W +5) 


32 A - 


ell, pico / boundary 


Thus , The proposed velocity distri bution satishes This 
Cond: tion Since on The 


Can 


it 


2 2 
kA E 
Gt ^ 


Ly": A (i- X - 


Qiu 
iy fa 


follows That 


= . &A 


boundary 


a). afi-(B+ £) A [i- eso 


This vesult indicates Mat The proposed velocity distri butou 
be used as 2 solution . Subst) tu tion of The veloci Ys 
distribution (#0 Eg. lJ? GIVES The Vela tioushi'p be Tween 

The pressure qvahent 27, aud Tie Ve laci ty Since, 


d? ur 





P òy * 


/ / 
3P (— Š) 
sa Nae ES 


(cont) 
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on THe 


(1) 


(2) 


| 6.99 (Cont ) 


The volume flowrate ) Q , Through 





the tube ıs given by the eg uabioy b 
Q= | ur dA * 
"E TEE 
: Ji urdxdy 





I} 
g 3 
> 
ee 
e 
| | 
cc 
s "P 
N 
wr Fi 
jc 
Yo ON 
i a 
j 
Qu [ — 
p 
t 
o~j& 
N p 
D 
l 
9-]ec 
V p 
J 
i. 
t£ 





Ó 
b 
= age fa- Eas = EAR (3er) - Arab 
x: 5 3 Ib ra 
and Therefore as »- 
- "Fab 
From  E4.') 
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6.190 A simple flow system to be used for steady flow 
tests consists of a constant head tank connected to a length of 
4-mm-diameter tubing as shown in Fig. P6.100, The liquid has 
a viscosity of 0.015 N - s/m/, a density of 1200 kg/m, and dis- 
charges into the atmosphere with a mean velocity of 2 m/s. (a) 
Verify that the flow will be laminar. (b) The flow is fully de- 
veloped in the last 3 m of the tube. What is the pressure at the 
pressure gage? (c) What is the magnitude of the wall shearing 
stress, 7,,, in the fully developed region? 






Pressure 
gage 


Diameter = 4 mm 


m FIGURE P6.I00 


(a) Check Reynolds humber to determine i£ How 1s laminar ! 
b= Are. (1200 &£ (2  )\(0.004m) 


Ae 0.0/5 Nz 
(071 L- 


Since the Abynolds hum ber ks well below o lod the How Is laminair: 


= 640 


(b) r lemmar flow, 
| 2, 


_ R op (£g 6.152) 
V^ gue R . 


Since Ap = fos zi ^-o (see figure ) 
N.S a 
f. - Me v4 E 8 (0.015 MS )(22 hm) - (20 4 








A 0.0094 \ è? 
(%22. m) 
ms à "^ e 
C) = A f ow t 2 
( LP (st — (Eg 6 4f ) 


For fully developed pipe Flow, 5-0, So That 
ou 
ULP ei 
| Also |^ 42 
} V3 St -(&)' | ( £s. 6./$*J 


anil with Vua, V there Y ts The mean velocity 
/ 


Thus, ot the wall, rz E, tw N.S 
( | yA | E 4 (2 53 )(e ois T) - 60.0 A 
Glo ———== 





R 





6.10! (a) Show that for Poiseuille flow in a 
tube of radius R the magnitude of the wall shear- 
ing stress, 7,,, can be obtained from the relation- 
ship 


- 32 
(ual = ies 


for a Newtonian fluid of viscosity sz. The volume 
rate of flow is Q. (b) Determine the magnitude 
of the wall shearing stress for a fluid having a 
viscosity of 0.004 N:s/m? flowing with an average 
velocity of 130 mm/s in a 2-mm-diameter tube. 


- 
(4) (mer, 2 t t] ( Ey. 6.1264) 


for Poiseuille Low in a Eube | A568, aA el Thevefore 


ta^ 





OF 
Since, £ p i ( 
w= Tu [1-(4) Eg. 6.154) 
and YS 2V where V is the mean velocity , it follows 
that Bi. = 2Vr 
2r E 


Thus, at The wall ( -»&) 


s = SRF 
eo bout KR 
and wilh (pz TR*V 


Uta) un | m 


Tre 


Vey, |= ae a tom Bt loi t) 





R ( ©.002 ,, ) 
= 2.08 fa 


6-109 


6.102 


6.102 An infinitely long, solid, vertical cylin- 4L V-=0 
der of radius R is located in an infinite mass of e j 
an incompressible fluid. Start with the Navier- Ne 7 


Stokes equation in the 0 direction and derive an 
expression for the velocity distribution for the 
steady flow case in which the cylinder is rotating 6 
about a fixed axis with a constant angular velocity 

w. You need not consider body forces. Assume 

that the flow is axisymmetric and the fluid is at 

rest at infinity. 


e 


For Ths flow fiele, V. =o Vz=0 and from The continuity equation, 
J 





/ 
4 ary) 1295,95. 
F op " F o38 Oe (Pg. 6.35) 
At follows That dv 
ae =f) (See Ligure hr iebsa] 
2 


/ hus, the Navier- Stokes eguation in The 6-direction (£2. 6./28h) 
for stead 4 fow veduces Eo | 


" i. i g ðb | Yo 
TP EE 2-3 R 


Due to The Symmetry of The How, 


DÉ a 
T ge ~° 
So A 
L2 fe gela T -o 
F ôk - 2 
Or 
Va „1 ?5 W &— 
pp* F ak "ue on 
Since Ve is G function of only F Eg. (I) Can be 


Expressed 4€ qn ordinary df ferenha/ Cou teg, anil 
VE-writen as 





d^ Vg d f i 

Jr ap (2 ) EZ dd 
Egua tion (2) Can be integrated to yield 

d Ve 3e % = €, 

3 m 

or 

z ae Ue QF (2) 

(cont ) 


(cont ) 


Eguation (3) Can Le expressed as 
d (Fus . 
clk 
and Aà second integration yields 
bk 72 = C, ke 


C, F 


Mot5 

d _ 6^, 6 

Va T" F 
As F>, A O, Since Fluid is at yest at PP dise) 
So Tha 7 C =0 Thus, 

"ux x 

ô F 

and since af FER, V= RW, i4 follows That S7 RY 
Aet 
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6.103 ` 


*6.103 As is shown by Eq. 6.150 the pressure gradient 
for laminar flow through a tube of constant radius is given 
by the expression: 





Compare the pressure drop over the length € for this nonun 
form tube with one having the constant radius R,. Hint: fo 
eee this problem you will need to numerically integrate 
the equation for the pressure gradi 
de | ei q p gradient given above. 
gz rR’ 


For a tube whose radius is changing very gradually, such as 
the one illustrated in Fig. P6.J03it is expected that this equa- 
tion can be used to approximate the pressure change along the 
tube if the actual radius, R(z), is used at each cross section. The 
following measurements were obtained along a particular tube 








BH FIGURE P6./03 


From The ez ond tion given for the pressuve gradient, 


f^ et f 7 [&z)]* = 


p= OP 


x Ince. 


(The n" Wide it follows that 
A p= ue f’ [ke] dà 


or, with Z*- Z/A ana fe*- R/R,, 


- 2494 f roa tuu 
Ap LES | e) d£ 
Foy a Constant radius tube ( see Eg 6.151 ) 
Ap = ZMOS 


R=, TR, * 
So That 


l 
Ap (nonuniform tube) [eT "ae" 
Ap (uniform tube) d 


This Integral Can be evaluated numerical 
USING The t+yapeyerdal rule, 


I-12- n uu) CB. 
G a Gej” Ai anA 





L'E 
g] w here 
iv BP. 


(con "E 
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(Cont ) 


zit R/Ro |J (R/Ro)^-4 
0.0 1.00 1.00 
0.1 0.73 3.52 
0.2 0.67 4.96 
0.3 0.65 5.60 
0.4 0.67 4.96 
0.5 0.80 2 44 
0.6 0.80 2 44 
0.7 0.71 3.94 
0.8 0.73 3.52 
0.9 0.77 2.84 
1.0 1.00 1.00 


The 
Using the tabulated clata above 
Aaen ities Value of The integral i ZSA, 


Thas, 


Ap (nonuniform Tube) c ES 
"AP (umforn dab) 00070 
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6.104 A liquid (viscosity = 0.002 N-s/m?; density = 1000 
kg/m?) is forced through the circular tube shown in Fig. P6. 

A differential manometer is connected to the tube as shown to 
measure the pressure drop along the tube. When the differential 
reading, Ah, is 9 mm, what is the mean velocity in the tube? 


pee m 






Density of 
gage fluid = 2000 kg/m? 


B FIGURE P6. 


Assume laminar flow Jo That 
. R' Ap 
y- ^A (Eg 6.145 ) 
for manometer (see figure) , 
T T ò 4h 2 Ja f áh = 


or 
B- Re dpe 44 Chr) = MY e) 
= (6.007 nM A) (200% - 1000 4 ) 
- 9,3 Æ 
n 
Thus, | 


_ (eset m) ( aa x) 


$ (0.002 <=) (2m) 


-2 
Llox!lo 


v3 


Check hy nolds number to Contirm That flow i5 Jamar : 
p. EEDS. (10° 28 ) (1.40 X10 29) ( o 00401) 

E eoo 44 
tin * 


-r 


= 22,0 < Zia 


Sace Re < 2100 flow m laminar . 
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6.105 An incompressible Newtonian fluid flows steadily between 
two infinitely long, concentric cylinders as shown in Fig. P6.105. 
The outer cylinder is fixed, but the inner cylinder moves with a lon- 
gitudinal velocity V, as shown. The pressure gradient in the axial 
direction is — Ap/£€. For what value of Vo will the drag on the inner 
cylinder be zero? Assume that the flow is laminar, axisymmetric, 
and fully developed. 


or onc. 





FIGURE P6.105 


Egua tion 6/47, which was developed for flow m Circular Tubes , 
applies in The a@unalar res (on. TAUS, 


4 a cf 
2 * Ya E)r ohne + (T9 


With boundary condi hons , =k; V4*O6, and rah, Vg Vo , 
Lt follows Tna t: 


J£. op C2 

hue of)" + c, Lar C. J 
Sue ð - 

V he (2E ) r + e nrt, (3) 


Sub tract E$.t2) trom mr æ obtain 


Ma ye (22) (p2-r K )+ C, L, $ 
So What V Hu za (SE ) (7n) 
a Us A 


(> ren: iad 


9 Pt d: 
ince. , - à V. A (£5. 6./26 £) 


iF Y alfo ut Tha t 
A B d Us 
a * I OF 
(con's ) 
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and with Vr 


/ 


(Cont) 


Do d as BER A Eg.) ios f respect to 2 to obtain 


LT AM Oz 
So That aZ pe 4 x 
4 zi (22 REC 
= ER L e C X c SECHS 
Tee) . d ap 22 H Lr EC 


Thus, |) order der The clrag to be zero, 
/ 2 L 
L (aL jp. + Vo ga (58 ) (r^ - hh") B 
" 
b. f, T 
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6.106 


6.106 A viscous fluid is contained between two 
infinitely long vertical concentric cylinders. The 
outer cylinder has a radius 7, and rotates with an 
angular velocity w. The inner cylinder is fixed and 
has a radius r;. Make use of the Navier-Stokes 
equations to obtain an exact solution for the ve- 
locity distribution in the gap. Assume that the 
flow in the gap is axisymmetric (neither velocity 
nor pressure are functions of angular position 0 
within gap) and that there are no velocity com- 
ponents other than the tangential component. 
The only body force is the weight. 





The velocity distribution in the annular space is given by The 
eq ua tion 
Ves SE & 
8 BEN = 
( See solution to Problem 6.94 for derivation. ) 
With The boundary condi tions PAST! Vo =O And 
[- ^ : v. = a ( see figure fer notation ) , it follows 








O 
From Eg u) that: 
E m o 
Os 1I + —— 
3 ra 
Mya = ley € 
2 r 
There fore 
/ MEL I^ 
C — 
/ 2 
je g 
fin 
Qn aA jt 
e qo GO 
C, : 
ids 
I= E 
2€ 
so That 
"NES. I 6 
Ve ` 3 £ 
pe 1 poo" 
5 E (t- x) 
oy 2 
Feo l T 
e = Ke aii 
(| 5) 
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6.107 For flow between concentric cylinders, with the outer 
cylinder rotating at an angular velocity w and the inner cylin- 
der fixed, it is commonly assumed that the tangential velocity 
(v,) distribution in the gap between the cylinders is linear. Based 
on the exact solution to this problem (see Problem 6./06 the ve- 
locity distribution in the gap is not linear. For an outer cylinder 
with radius r, = 2.00 in. and an inner cylinder with radius r; = 
1.80 in., show, with the aid of a plot, how the dimensionless 
velocity distribution, v,/r,w, varies with the dimensionless ra- 
dial position, r/r,, for the exact and approximate solutions. 


For a linear ve locity distribution ( approximate solution) 


Ue (ew fe 
fe 27a 


qnd in non dimensional form 


de cu Pg 

Ve _ Fa fe 
o C) ] 
r 


Fr The exact solu tion ( see Problem 4.106) 


V Mes | re 
6^ 7 Hn EE 
a d 


Gnd in Nendimensional orm 
r 2 =a, 
ya. X mE (+) 
E rot ^" '"E'LE 
E (ji sh 


Fer V!:4g0£n ana Pb22.00/5., some dabu la ded values and 
a graph are Shown below. Note that fhere & little 
difference between The exact and approvimete Solutions fer This 


Small Jep width. Fer all Practica) Pur pases oth solutions fa 
on tae Single curve shown. 





1.000 -p 





— Linear Exact 





Volfo LO Mle 0.980 
0.000 | 0.000 | 0.900 
| 0.125 | 0.131 | 0.913 PD aan 
| 0.250 | 0280 | 0.925 3 ond 
0.387 | 0.938 | 
| 0.500 | 0.512 | 0.950 0.920 
| 0.625 | 0.837 | 0.983 | 
0.975 0.900 4————— 4 
0.968 0.000 0.500 1.000 


1000 | 1.000 | 1.000 


Ve [fa 
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| 6.108 | B 


6.08 A viscous liquid (s = 0.012 lb .s/f?, p= 1.79 
T flows through the annular space between two hori- 
zontal, fixed, concentric cylinders. If the radius of the inner 
cylinder is 1.5 in. and the radius of the outer cylinder is 2.5 in., 
what is the pressure drop along the axis of the annulus per foot 
when the volume flowrate is 0.14 ft?/s? 


Check Keyno/ds number to determine if Flow 1s laminay! 








D 
Ra € AY A 
ais Q 
Where D= alr-r') Qu d ac e E 
x O r4 T Cn>-b*) 
Thus, Sa 20 Q _ 2 (1.79 zT ze) 
s aye TA 7 (0.0/2 “E s ) (450. i 
2 


> 39.9 < 2/0oo 


Since The Reynolds number ıs well below Zioo the How is 
laminar | Qn 


. Jt 4 PO 5*4 (uet) , 
P= gu 4 [5 up on J r FM 














n j^? 
that i 
a 5a 0 
4f 2 
A Bent. ner 
p te 
lb: 7 
E 8 (6.0/2 Jo. n f°) fr | 
> m ' 4. S In 1, Sin 
(es). (E) [gy PETI 
Ft Tt Qy 2.5 in 
I. S In 
= 33.1 53 per ft 
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"a 
6.109 Show how Eq. 6.155 is obtained. 


From £9. 6.147 


al. Jib (Ee 6.14 
vs ig (yt Git 7% p 6m] 
For flow /^ Gh anadlus | T, =0 al F=K and 


Tz*50 at b=") Thus trom E9. 6./#7 


Bu i ($6 )n + C hak t C, 
mE: 2 | 
ð ^ LA) T C ln ^ T 


ana Solving for CO tha G We have 


"25 ) (5? - r? 





Cc, = Hlaz hat (1) 
ln CR. 
pts FÉ (2) 
"x (58) (n> "y UE ln >) 


Substi tutio'y of £45. (/) qnd (2) into Ey 6.147 Gives 


va [5s )|^- * tM In i| 











Which /5 the desired Cguation (Eg. hiss) j 
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6.110 A wire of diameter d is stretched along the centerline 
of a pipe of diameter D. For a given pressure drop per unit 
length of pipe, by how much does the presence of the wire 
reduce the flowrate if (a) d/D = 0.1; (b) d/D = 0.01? 


the volume flowrate +s Given be, Eg. 6./86 





E » | T | - [n> re)" | di & icu) 
Q 77. a 8 pz f - 


Which Can be written 45 


ps Zh T «irs [1- [1 YI] zi 


SM f c In (4 


Hule E £ j Eg, (l|) Can also Je Wri ten AS 
Qz Ha N- _. i Sef (2) 
No fe That "a: 2 =O er wipe ) 
. T p 
e S At f 
Which, Corresponds Jo Porseu lles Law (Eg 6.151) 


(4) By 2 = 6, la Ee (a FIVES 


£ [. (: jJ" 

Dp: 5^ E (on. EF pe = OS 
SMR ln (2.1) 

Thus, foy The same Ap the tlowrate is reduced by 


Yo Veduckien iè Q= (G= 0514) 100 = 42.6% 


(5) Sto larly, oy -£ = 0.0/ £9.02) E 
Q7 = rita | — (4.01) f re Bad, (2.00)) f" 0.183 


ln (0.01) 


Ana of, rmsaes ws i -= (1- 0.783) % 100 = 21.7% 











/ Le Thes Thre presence af CRA a Verg 59 o J/ wire along 
The. Hube Centerline has a SIGN. | Jecon effect on The Slowvate 


6-/2] 


7.2 Verify the left-hand side of Eq. 7.21s dimensionless using the 
MLT system. 


D 
d - (£2). where D=L, aff = A >, 


= 


Thus, 
EE : 
LE tL K E)=MLT 


That is we is dimensionless. 


— 


, M 
ut 


[x 


7.3 The Reynolds number, pVD/u, is a very important 
parameter in fluid mechanics. Verify that the Reynolds number 
is dimensionless, using both the FLT system and the MLT sys- 
tem for basic dimensions, and determine its value for ethyl al- 
cohol flowing at a velocity of 3 m/s through a 2-in.-diameter 








pipe. 
; p 2 aT Md. 06,0 TO 
Keynolds Num ber = PED (EL PIT IP pr a 
= (11) 4T) (4) á MIET” 
M LP pem LII 
For ethyl alcol Ligaw ČS ang 
or efThyl alco ol A= = 
Q- 781 of 


Thus 
pyb (781 Éf,)(5 (Z &) (0.3048) 
n Mg M 


1.19 X1p7 3 NS 
tn > 


= /.b/x10° 
—_—__=== 





7.4 


7.4 What are the dimensions of acceleration of gravity, density, 
dynamic viscosity, kinematic viscosity, specific weight, and 
speed of sound in (a) the FLT system, and (b) the MLT system? 
Compare your results with those given in Table I.1 in Chapter 1. 


A a acce lera tion of gravity s$ 


"Yr A S.S 
unit Volume 


p= density = 


velocity . L 
Hime T^ 


An n FT* (since rz M LT?) 


L9 T€ 
-2 


stress A Fb a 


M = cy nam € viscosity E Velocity Grachent cr T~ wT 


Y= Ainematie Viscosity = 


XY = Speci fic weight = 


C= Speed of Sound = Length iz 


lime 





Thus, 

(a) th The FLT System, 
g* 407 

pz ELT? 

M^? EDT 

44 = | Side ai 

dm = pu? 

ü A Lr 


dynamit VIS C05) s x FL T 
density ETLI 


weight = E a (ARTH, MT 
unit volume [3 L3 Er 





(9) ih The MLT system , 











7.8 For the flow of a thin film of a liquid with a depth h 
and a free surface, two important dimensionless parameters are 
the Froude number, V/V gh, and the Weber number, pV7h/c. 
Determine the value of these two parameters for glycerin 
(at 20 °C) flowing with a velocity of 0.7 m/s at a depth of 3 mm. 


Amm 
(D. y UE 
= = fÊ 


J (9.81 Bloda) | —— 


(1260 fA, ) 272) (a. 2030) " 


-2 A 





7.6 The Mach number for a body moving 
through a fluid with velocity V is defined as V/c, 

where c is the speed of sound in the fluid. This 
dimensionless parameter is usually considered to 
be important tn fluid dynamics problems when its | 
value exceeds 0.3. What would be the velocity of 
a body at a Mach number of 0.3 if the fluid is: 
(a) air at standard atmospheric pressure and 20 
°C, and (b) water at the same temperature and 
pressure? 


(a) V = 03 
C 


For air at 20°C c- 3433 Æ (Table B4 1» AppendsB) 
So That 


V= 0.3 (393.3 Z) = 103 S 


(5) For Later at 20°C | c = /¢8/ = (Tabh 8,2 i lw] 
sd That | 


V=23 (ye Z) = pry 2t 
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7.8 The power, 9^, required to run a pump that moves fluid within 
a piping system is dependent upon the volume flowrate, Q, den- 
sity, p, impeller diameter, d, angular velocity, w, and fluid viscos- 
ity, sz. Find the number of pi terms for this relationship. 


Given that P=}(Q,0 d, w, yu) 

where (see Table L4) 

P+FL/T , ọ=M/L = FT deh we VT, and 
t FTU 

Thus, k-r=6-3=3 since there are k=6 yarrables and r =3 
basic dimensions (MLT) 

Hence, if takes 3 pi terms © % 7 0, %) 


PA 


7.9 For low speed flow over a flat plate, one measure of the bound- 
ary layer is the resulting thickness, 5, at a given downstream location. 
The boundary layer thickness is a function of the free stream veloc- 
ity, V.., fluid density and viscosity p and z, and the distance from the 
leading edge, x. Find the number of pi terms for this relationship. 


oak 
Given thal "A Lap m T 77 
= V, Cm cC CIEL ccc 
d f ; 4, x) x 


where 

(54, V5, 04E, AF, and X31 

Thus, there are 5 variables and 3 basic dimensions (MLT) 
so that 

K-r 95-922 

Hence 2 pi terms are needed: 7 =0(n,) 


7.10 The excess pressure inside a bubble (discussed in Chapter 1) 
is knownto be dependent on bubble radius and surface tension. Af- 
ter finding the pi terms, determine the variation in excess pressure 
if we (a) double the radius and (b) double the surface tension. 


Given Ap * T(R,v), where ap ja 2 R 2L, and 


qoc = & 


L T2 


Consider the (MLT) vnits so that 

k-r=3-3=0 since there 3 variables and 3 dimeNStons. 
hecording to this there should be k-rz0 P! derms /? 
However, if we consider the (FLT) units we see that it takes 
only Fand L, Tis not needed, so thal r2. 

Hence, k-r = 3-2 =I, so only | pi term is needed. 

That is , UF constant 

To delermine Tf, consider 


m = DpR re? or 


3 TT m 
ApR"r* SEL (EJ =F gaiaz 
Thus: 

F: Itd=0 

L: a-b-2*0 


or b*-l and a=b+2 = l 
Hence M= ^ F or aps =C, where C *consjant. 





p> 
"UN 

T 

> 
>| 


(1) 
(a) If Ris dovbled , Ap rs reduced by half. (See £e. tI)) 
(b) Tf v is doubled Ap is dovbled. (See Eq. (1)) 


Till 


7.13 It is known that the variation of pressure, Ap, within a static 
fluid is dependent upon the specific weight of the fluid and the ele- 
vation difference, Az. Using dimensional analysis, find the forin of 
the hydrostatic equation for pressure variation. 


Given Ap =Í Y, az) 

where | 
apt 624, and a25L so that k=3 andr=2 Ge. £2) 
T hys, 

K-r = 3-2 «1 so that there is only | pi term: T] = C» constant 


Consider 

d b 2 VE 17 x15, b !*à | (-2-3a+b) 0,0 
7; "Api AZ * (7x) Æ) (L) =F L Bh 
Hence, 
F: /+q=0 


L: -2-3ath=0 
so that a --l and b «243q =2-3=-/ 


7 heretore, 
U 7 Ap faz =C 
or 


af -CÜAz where C= constant 


Through experimentation ij is found that C1. Note that this 
agrees with the material in Chapter 2. 
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7.12 | Ata sudden contraction in a pipe the 
diameter changes from D, to D,. The pressure | 
drop, Ap, which develops across the contraction 
is a function of D, and D,, as well as the velocity, 
V, in the larger pipe, and the fluid density, p, and 
viscosity, 4t. Use D;, V, and y as repeating vari- 
ables to determine a suitable set of dimensionless 
parameters. Why would it be incorrect to include 


thé velocity in the smaller pipe as an additional 
variable? "E 


Ap= f(D, D. V A^) 


Ap3 FL" Del BSL vYsLT" ps re-try? = ELT 
From The pi theorem, 6-323 dimensionless parameters reg uived. Use 
D , V qnd JL as repeating | Vartables. Thus, 

fig NE. 
an dM FR 


" C. oro 
oto (a) tlar) Cr) = enu 
SO That 
/+C=0 (for F) 
-2 +a +b72cC=0 (fr LJ 
+a 656 (for T) 
tt ho llows That Qi jer, eno 5 qn el 7here fore 
p. EB 


/ VA 
Check dimensions using MALT system ` 
b Di (Mu TIL) i 
A D é dia ) MeL] L- Ok 
pe (LTI (MT) 


For Aa ! T: D Db V*u* 
g v2 t 


L Q^ tar)? (Fern 2 Fur? 


C=O 4 F) 
It atb -2c=o (hr L) 
eb d C. So ( for TJ 


zd to/louls Mat Gz =i , b=0 


) C70 , and Theve fore 


( cont ) 


| ^2 (Cont ) 
HJ, 3 obviously dimensionless . 


For Th. &G b c 
HW, 74 VA 
mE TIGI r I (ev?) 5 pepr" 


[+e =o (for F) 
—4 +a+ b -2c =0 (for L) 
2-b +c =0 (fr T) 
If Allows That ast, b= l| C= -I and Therefre 





DV 
m= $3 
= " 
Check dimensions using MLT system: 
ADV y GANT 00 
Ao yet D ML] Ta 


Thus, 








From The continuity ej uation , 
VERS YTD 
there Y. is The velocity im The smaller Pipe. Since 
D 
VR) 
V; 1s not inde pendent of Dd, and V and Therefore 
Should not be included as an Independent vaviable. 





Z-[0 
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7.3 Water sloshes back and forth in a tank as shown in Fig. 

P7,13.The frequency of sloshing, w, is assumed to be a function 

— of the acceleration of gravity, g, the average depth of the wa- 

ter, h, and the length of the tank, €. Develop a suitable set of 

dimensionless parameters for this problem using g and £ as re- 
peating variables. 

——-- — —- -~—— BH FIGURE P7.13 





w = Fea, h A) 
wet 39 LT) we Lures L 


From the pi theorem, 4-2=2 dimensionless 


Parameters reguired : re E, Qna L das Ve peating 
variables , has, 


S E o wg a o 
and 
T7 )(ur*) 1)” 
So Thet ECL beer Led) 
i = |- a fsues (Lr T) 
zt follows That 7 = ae ae and thereloye 


2T ae 


Cl heck dimensions: 








w js IEEE pe oe 
ERR Pope 
z FOr e A b 
cofar m m.s T 4 "A 
L (ir*)*()* = L'T 
(+ &*b-0 (fer L) 
pr 1450 Cfer T) 
T+ follows Inat 4=0, b=-1, and Therefore 
^ 
" . Ld. To = a 


and Tz 4s ebvisuk] y dimension less, Thus, 


E^ wir gts) if F) 


X-H 


ZI. 


7./4- Assume that the power, 9, required to 
drive a fan is a function of the fan diameter, D, 
the fluid density, p, the rotational speed, w, and 
the flowrate, Q. Use D, œ, and p as repeating 


variables to determine a suitable set of pi terms. 
k. 


P= £(0,9,0,Q) 
P= FL r^ pèl ps5 EE TF? uar 
From The pi Theorem , 5-3=2 pe terms reguired. Use. 
D, C) and p as repeating variables. Thus, 


Ts O D w" p 


Q3 "Adr diia 


c 


ana | 
] ,\4 " $ o/ o9ro 
(rir) (r) (r£ T=) = FLT 
So That 
/ 4-Cco ( for F) 
/ ta -fC =0 (for L) 
-/-b6 +2c =o (for T) 
Lt follows That a:-5, b=-3, C=-/, dud Thewhre 
o _F | 
! 77, > Dw? 
Check dimensions using MLT Sys fem ` 
P E AAT TOO = M'L' T? -| OK 
^ 557)? (u?) l)? {po}? 
For dS 


T, = Q Dw pt. 
( 1977) ()* (77) EET) Per" 


C=0 (for F) 
3+ a -We =o (for L) 
-[|-—Lb t2c^o (for T) 

(Cont ) 


en 


Taz 


(con't) 


tt follows That a=-3, eet , C=O, and Therefore 


E. 
T2^ Dw 


Check dimensions using MLT system -' 
aL! | 
i 2 A 3 Mut 10K 
Dw ANITY 





Thas, 





oe 5p x 
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7.15 Assume that the flowrate, Q, of a gas from a smokestack is a 
function of the density of the ambient air, p,, the density of the gas, 
p, Within the stack, the acceleration of gravity, i 
diameter of the stack, h and d, respectively. Use p,, d, and g as re- 
peating variables to develop a set of pi terms that could be used to 
describe this problem. 


Q* *(2,4,¢, 4, 4) 
Q3 Ur" 2 3 4c? (gi Ae? 43r AS. qui 
From the pi theorem, 6-3=3 pc terms required. Use 
ae d and 4 as repeating variables. Thus, 


= @ fe dg 


and 
& b - . ajom o 
Sr a fe) Gey Syt 
So That 
qZ= 0 £o MM) 
J-S3as*tboCzo (for L) 
SZ wg (fer T) 
It hollows That £20, 5=- $ C= 73 and Therefore 
s = 7, 
re dn 


Check P PTEE using FLT System E 
Q za te” 


a, | aie es = [Fej ‘i OK 
dik g^ (LY (Lr*)^ 


(eont ) 


aad 


415 (Cont) 


= (^ Boda 
(A43) (41:3)* (L) (i179 * = M'LT* 


fF AZO hes M) 
-3~-3at+bt+C =O (for L) 
-2C =0 (for T) 
Lt follows That Qz-l, b-0, C70, qnd Mere ore 
A 
| aA 
Which (s obviously dimensionless, 
for 7r; : a. L 
3 T= A p d g 
a, 
(L) (mi?) (L)* (11-95 = Mor? 
a 7o (for M) 
/-73a4-b4 C=o (m fs) 
— 2C-o ( fer 7 


Í+ o doffees That Q=0, b=-/, C-o, gnd therefore 


"E 
Ha” ry 
which is obviously dimensionless. 


[ hus, 


Q _ 1/4 4 
d% 4^ g(4,4) 


TAS 
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Uae The pressure rise, Ap, across a pump can 
be expressed as 


Ap = f(D, p, œ, Q) 
where D is the impeller diameter, p the fluid den- 
sity, w the rotational speed, and Q the flowrate. 


Determine a suitable set of dimensionless param- 
eters. 


dps ee™ pal pe RLUTS dos T^ gelT” 
From The pi theorem, 5 -3 = 2 pi terms required. Use 
D, P and w as repeating variables. Thus, 
Tm d Ap D* “yy C 














and x 7 -a 
vo tas 7 7 OETI" r = FU 
|t b=0 Gor Py 
-2 ta —~44 =0 (for L) 
J-C =6 (for 7) 
It dlbus that az -2, b*-l, C=-2 , end There bre 
TT, = Ap — 
l Deo w? 
Check dimensions using MLT system ` 
x AE AAT ume, V NT gt 
Dre = (1)? (Hub) 
For 7, : "NAE 
me PD pw 
r Ia (Fa-tr)'fr-)* PLT? 
b-o ee FJ 
5z 42-44 =0 On 4 
-I425-C-o (for T) 
Tt follows That a=-3, b= o, C=-/, and Therehre 
e 
b. de D? 
Check dimensions USING MET system . 
(D el pM = MILOT? * 54. 


Do Wr 
Thus, 
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747 A thin elastic wire is placed between 
rigid supports. A fluid flows past the wire, and it 
is desired to study the static deflection, ô, at the 
center of the wire due to the fluid drag. Assume - 
that 

ô = f(t, d, p, p, V, E) 
where Cis the wire length, d the wire diameter, 
p the fluid density, 4 the fluid viscosity, V the 
fluid velocity, and E the modulus of elasticity of 
the wire material. Develop a suitable set of pi 
terins for this problem. 


S=f #21 del p= FLT? fa FLT yeiT Fè FL 
From. The pe Theorem , 7-3 = 4. pi terms reg uires. Use | 
d, V, and E as repeating variables. Thus, 


m =S A vV E" 
and : c _,)4 c 
A (LML (tr) (Er) = Fr’ 
e : 
alioa C =o (jor F) 
IF tb5-2cc-o (for L) 
-b =o (for T) 
Lf folbes hat Gl, b=0, c=0, ang Therefore 
sdb 
ME d 


Which (is obviously dimension hess. 


for Um: ! 
v é 
JP: KEPE 
ånd @s 7er n -a @=-/, b=, C =0 So That 


s | 


Jd 
id =" 4c 
=p V E 
ETa a A a LI » fep-*)* 3 FJ 7^ 

/|*C =0 GE, F) 
— f +a 46-26 =o ler L) 
a-b 7o (hr T) 

( Cont) 
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(cony.) 


tt follows That 4-0,522,c--l, and therefore 
3-3 | 


Check Sido using MET sys tem : 


AY. Soa nn n = lr? Ok 
E AC TT | 
för My : "m 
"h ^ d é j c pejor? 
f E,737T)(6L) (ur) (ec) S FLT | 
Ite =o (for F) 
—-2+atb -RC =o ( for L) 
I— 4 =o ( fer 7) 
Lt follows That a= “1, &=1, C7-l, and therefore 
m: E 
c h uk dimensions using MLT system -` 
TE NN bt e 
Vos MET TT 5; mre ok 


NU O EI as T?) 
Thas, 


7.18 Because of surface tension, it is possible, with care, 
to support an object heavier than water on the water surface as 
shown in Fig. P7.18. (See Video V1.9.) The maximum thick- 
ness, h, of a square of material that can be supported is assumed 
to be a function of the length of the side of the square, £, the 
density of the rnaterial, p, the acceleration of gravity, g, and the 
surface tension of the liquid, a. Develop a suitable set of di- 
mensionless parameters for this problem. 





h = £4, ^ 4, r) 
kab eL rg 43 LT ERM 


From The Pi Theorem, 6-5- Z fi terms reguired. lse 
£, g Gnd / es repeating variables. Thus, 


m= kL gps 


eer CL WALLS TI (art, ? “ot PLOT 
(CU Es và ee F) 
ftrarb—-4Ye zo (for L ) 
2b 72a =o (for r) 
tt follows Tha &:-l 5-0, Co, Qua There fore 
= $ 
Which is obviously Simensjon less. 


For TT, . é 
2- T, = PPP 


(FAT Fu) Co T7) ^ (et z+) h = pasty 


J s CSS (fr F) 
ft A th Flr (for +) 
(for T) 


— 25 + 2c =o 
LE follows That &z—2, b*-l, éea, and Therefore 
- g 
Lar 
Check diımensmpas asing MLT syskm : o 
U- . ()4 T^ - ) = A'L "à! "EE. r3 


hgp CL LT 6n) 
4 . "m 
£f) 


Jd 





2. 





Thus, 
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| 714 Under certain conditions, wind blowing past a rectan- 
| gular speed limit sign can cause the sign to oscillate with a fre- 
| quency w. (See Fig. P7.19 and Video V9.9.) Assume that w is 
a function of the sign width, b, sign height, ^, wind velocity, V, 
air density, p, and an elastic constant, k, for the supporting pole. 
| The constant, k, has dimensions of FL. Develop a suitable set 
| of pi terms for this problem. 





(LV ph) mm 
@ FIGURE P7.19 


Ais TD eL Ash (VIET party" All 
From the pr Theorem 6-3= 3 pi terms required , Use 
b, V, and L2 as re pnus variab/es. Thus, 


innu-—GHmxue Bes 
Gnd o; oro 
Term (Lr) ere) FIL 
So that | C=O gon F) 
a+b -4c =0 (for L) 
—j-)b pee =e | (Gy T) 
ti fo lous thet à, "b ke O , dnd There fere 
tL 
TT 
Check | dimers 4 
i bee eee | OK 
E EEE 
S aap 
ell Hn. =: AE AE 
E (17) (Ert) por 
e= =O (for F) 
| tath-4cro (for L) 
siie sp (dor T) 
EE bellows That & F1, bz O, C =0 Jánd There bre 
ri = 
which Ls Obviously climensioaless. Ceont ) 


7-20 
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Ai | Cont) 
Pr Lar | A. oA C 
pat gl kb y 

Cee Ott) ( Fi pta popes 


4 -t€| =O (for F) 
[+atb- -4¢ =o (for L) 
| | ~L+2¢ =O. (for T) 
E Pillows. Mat (Q--3,b*-2,Cz--l, and There fre 
LET 
Er 7h yy 
| Check EER A NRAN using MLT system: 


F- x | ^M LÀ X1 " di sys e a, 
T DEI TLI DM EN n IN 


Bye 
Thus, zl 
Tet G : qs) 


£2. 
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7.20 The height, h, that a liquid will rise in 
a capillary tube is a function of the tube diameter, 
D, the specific weight of the liquid, y, and the 
surface tension, c. Perform a dimensional anal- 
ysis using both the FLT and MLT systems for 
basic dimensions. Note: The results should ob- 
viously be the same regardless of the system of 
dimensions used. If your analysis indicates oth- 
erwise, go back and check your work giving 
particular attention to the required number of 
reference dimensions. 


4, -f( D yc j 
Using PLT system : 
=l pel ye FoI gosa” 
From The pi theorem, 4-2= 2 pe terms regure. 
By Inspection | for 7, 4 containing 4 ) : 


Which is obviously dimensionless . 
For 77, (Ccontoining Y and g): 


j 





g- ' EL 0/0 
= Sees, S EY 
My Xx D? (PES JL 1* 


Thus ) Jl / au ) 
"E é XD 
Using MLT system - 
4il Del Pu A" pemr” 
Al though 7Aeve a ppea rs to be e Fe ference P» PASIORS, only 
od reference chmensions are actually reguured ( L and MT ~?) 
to describe The vaviables . Sy inspection , for T, (see above) 


T, 
ancl for 7, ( ten toin ing à* and c) ; 
i ig 7 * 





T - Af 0 "p? 


Th US, (as above ) 


"p Car T M )* 


4. $ (Ee) 


FAS 5 


Al 


a cone with a very small angle a which rotates 
above a flat surface as shown in Fig. P7.2.]. The 
torque, 3, required to rotate the cone at an an- 
gular velocity, «o, is a function of the radius, R, 
the cone angle, «a, and the fluid viscosity, x, in 
addition to c. With the aid of dimensional anal- 
ysis, determine how the torque will change if both 
the viscosity and angular velocity are doubled. FIGURE P7.24 


A cone and plate viscometer consists of 





T= #(R, ot , A, a) 
J3FL pul ESPRIT go eer ET 


rw 


From The pe Theorem | 5-3- Z Pr ferms reguired. 
By mspection | for Hm ( con taining f. ): 
Aig E FL = FALT”? 
WT, = AeoR3 — (Fer) (T) (4) 3 
Check using MLT ` x 
d o4 V NET 2h. A UE eh e ak 
MOR? (wur fr 0L)? 
The angle, ot, can be used as T since iF is dimensionless 
Thus, 








Or 

qx paR” d (at) 
T+ follows That if both 4 and tO. are doubled 
T will increase by a factor of ^. 
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7.22 The pressure drop, âp, along a straight 
pipe of diameter D has been experimentally stud- 
ied, and it is observed that for laminar flow of a 
given fluid and pipe, the pressure drop varies di- 
rectly with the distance, £, between pressure taps. 
Assume that Ap is a function of D and @, the 
velocity, V, and the fluid viscosity, 4. Use di- 
mensional analysis to deduce how the pressure 
drop varies with pipe diameter. 


Ap= FCD, A, V, s) 
Ap= Ec? Del fl yslT AT EL*T 





A 
A D S i O,ó0 
Tr = pa à QE 0/2 re 


PV EET) 
Check using MLT . 
i Apb . (mur! 7-2) (4) 
Av Cut) 
For T, (containing &) : 
m= 4 
Which 1s obviously dimensionless. Thus, 
age v4 1) 
y V ox PS) (1) 
From The statement of The problem, Apel so That 
Eq.) must be of The form 


Apb _, 2 


S M'L'T «ök 


LO herve < l5 Some Constant. . Is Thus follows That 
| 
Ap 6 ou 
hie a. given Velocity . 
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7.23 A cylinder with a diameter, D, floats upright in a liquid 
as shown in Fig. P7.2 3. When the cylinder is displaced slightly + 
along its vertical axis it will oscillate about its equilibrium po- — — 
sition with a frequency, w. Assume that this frequency is a func- Hin 
tion of the diameter, D, the mass of the cylinder, m, and the 
specific weight, y, of the liquid. Determine, with the aid of 
dimensional analysis, how the frequency is related to these var- 
iables. If the mass of the cylinder were increased, would the 
frequency increase or decrease? 


w= fT (D m, Y) 
wit pat mirc? feel? 


Frem The pi Theorem | q-3-2 ÍI fru term reg uived. 
b; In spectre a 


- =] 
> CU E zx tr I) PLT E 7 2 di 
ur S TL) EL FL 
Check using MLT- ) 
w fm DE. S MLT? ‘OR 
"ry = u er 
Since There is only | pr term it follows That 


where C is a constant, Thus, 








From This result it ]odiloing thet (f mm ıs Incressed 
w till decrease. 





N 
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Cylinder 
diameter 


=D 
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7.24 A liquid spray nozzle is designed to produce a specific size 
droplet with diameter, d. The droplet size depends on the nozzle di- 
ameter, D, nozzle velocity, V, and the liquid properties p, i, a. Us- 
ing the common dimensionless terms found in Table 7.1, determine 
the functional relationship for the dependent diameter ratio of d/D. 


(riven d =f(D V, e, 4,7) S0 that k=6 ( there 6 variables) 
and r=3 (it takes MLT or FLT to describe them). 


Hence, k-r =6-3 =3 which means that 3 pi lens are 
needed. 
M = OM, i z) where 7, = 2 is clearly dimensionless. 


With the independent variables (i.e. DV e, 4,7) if is clear 
that the Reynolds number canbe one of the T terms. 
Hence, set T, = oVD/u. 


7, must include the surface tension, T, since if does not 


/ 


appear in W, or Th. Based on the information in Table Zl 


it is seen that the Weber number, We, can be the other 77 term, 
Hence, set T; = oV DG 


T hos, 

VD ov’) 
IDA 
or 


£ - (Re, We ) 


1-2.6 
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7.28 The velocity, c, at which pressure pulses travel through arter- 
ies (pulse-wave velocity) is a function of the artery diameter, D, and 
wall thickness, A, the density of blood, p, and the modulus of elas- 
ticity, E, of the arterial wall. Determine a set of nondimensional pa- 
rameters that can be used to study experimentally the relationship 
between the pulse-wave velocity and the variables listed. Form the 
nondimensional parameters by inspection. 


c= FCD R P E) 
cB LT” Deb As3L p pity ES FE* 
From the pi theorem, 5-3=2 pi terms required. 
By inspection , for Th. ( containing gj: 
" CVP = > fir MFL c) E per? 
-a (HL) “2 
Check using MULT: 


€ iz. ; feeder” en M? 7? 
E mr 2)% 





. OK 








For Th let 


which 1s obviously dimensionless. Thus, 


[E -«(1) 
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7.26 As shown in Fig. P7.26and Video V5.6, a jet of liq- 
uid directed against a block can tip over the block. Assume that 
the velocity, V, needed to tip over the block is a function of the 
fluid density, p, the diameter of the jet, D, the weight of the 
block, W, the width of the block, b, and the distance, d, be- 
tween the jet and the bottom of the block. (a) Determine a set 
of dimensionless parameters for this problem. Form the di- 
mensionless parameters by inspection. (b) Use the momentum 
equation to determine an equation for V in terms of the other 
variables. (c) Compare the results of parts (a) and (b). 





B FIGURE P7.26 


(4) KEELA D, w, b, a) 
VzLTT P> FET? Del WF bel del 


From the Pi Theorem J b -3 = 3 pi terms r efuired . 
-Ay ynspection- for Hi L containing 4 ) 


I Vo] s ler a (FEB) = rer 
Check using MET "a 

ap -3 ‘ 3j $3. 
yp [^ - (er M(t) vu = ML] 





cu 

ened ered noes 
aha fer TT 

1] ; d 

G: apnd - IT; = d 


Gha bom 72 GHA 73 Gre obviously dimension ess 


"Thus | 
Saleen 


p For vom tipping avound D 
2. (1, = 


Ed» Q(z) (1) 





| | So Mat 





| (Con 4) 
P 


Master Typing Sheet 
LON ; Reduch tton 





7.26 J Cent) — 


Ep iens mernen barn ton sid eva Ée sn g the CV shown 
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ix se THR m 
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£3) 





j 
f 


r 
H= 
d 
= 
o 
& 
S~ 
S£ 
N 
3 
S 
as 
= UG | 
t 
TO 
LA 
cot 
N 
La 
S 
3 
& 
a 
& 
y 











7.27 


7.27 Assume that the drag, 9, on an aircraft 
flying at supersonic speeds is a function of its 
velocity, V, fluid density, p, speed of sound, c, 
and a series of lengths, bł, . . . , &, which describe 
the geometry of the aircraft. Develop a set of pi 
terms that could be used to investigate experi- 
mentally how the drag is affected by the various 
factors listed. Form the pi terms by inspection. 


e - f (v, p, C , k, prm 4; ) 
JE VeuT! ps FL*T* e=LT™ all lengths, Lr oL 


From the pi Theorem j (474 )-3 = /+t pt terms veguired, Where 
L ^5 The number of length terms [1742 8, ede. ). 
By inspection , for T, (contemnis oO). 








ho. F ! 
d. — OB west pi frt Reg = Fe Ore 
t PU (er trehet) A) 
Check using MLT ` . 
2 = atl zo eL, TT g Oh 


p y>, > MVT) * (L)* 


Fer T, ( containing c ) : 


2€ V 
I= -p ok = 


and both are obviously dimensionless | 


For all effer pt terms containiig A; 


7,7 4e 


and these terms involing The Ls are obviously dimensionless. 


Thus 
o0. - V PA 
PVR s EE) 








Where 4 1s a Series of pi terms, 4s Jo, ete 


! 





*7.29 The pressure drop, Ap, over a certain length of hori- 

zontal pipe is assumed to be a function of the velocity, V, of the 

fluid in the pipe, the pipe diameter, D, and the fluid density and 

viscosity, p and p. (a) Show that this flow can be described in di- 
mensionless form as a “pressure coefficient,” C, = Ap/(0.5 pV) V, ft/s | Ap, lb/ft? | 
that depends on the Reynolds number, Re = pVD/p. (b) The fol- ——— —— 
lowing data were obtained in an experiment involving a fluid with 
p = 2 slugs/ft®, y = 2 x 10^? Ib. s/f?, and D = 0.1 ft. Plot a 
dimensionless graph and use a power law equation to determine 
the functional relationship between the pressure coefficient and 
the Reynolds number. 





(c) What are the limitations on the applicability of your equa- 
tion obtained in part (b)? 


(a.) Ap= t CY D, P ki 
Lyre pis L9 EE BE he ET JA? FUT 


From the pi Theorem, 5-3 = Z pi terms required, 
B. specto fer TT, 


-> -2 
a y al A E == Fe|'T? .' OK 
^ut — mn -7 wara, i S yg 
Check using MLT systern” 











Api. MECTO | 2 Ap So 
» (Mi-3) (LT) * 
Por Tet yp. (petri e) 2 pert sy 
| IT. = ! E FEAN — a a 
2 yz CELL TL 
Check using MLT system : 
Ae = (ML3) ET he) .. za Xy ey e © OK 
CMT” 


Thus, Ap . d 1$: 
pv? xe 
“we 
Since d ks an unknown Functon | a factor 
of 0.5 Can be jneluded (A IT, (if desired ) so 


That - d (PE?) 





E- BN 
Thes, Cp = d Fike) 
there C, 13 The pressure ecef icit and Ke The Keynolds 


Num ber. 
Ce on +t) 


Te8 


mae (Con ZJ 


(b) rae A data gwen, 


or ee ee ee 
UN TE (6.2) (2 re V? ys 


än d ] | 
ERE 2 C2 iv) (0.1F) pov 
ve 2 -3 Ibs 

ZXI10 TERM 
Tabulated values for Cp and Fe ana aplot of 
the data ave Shown below. 


V, ft/s A p, psf Re Cp 
3 192 300 21.3 
11 704 1100 5.82 
17 1090 1700 Ne 
20 1280 2000 3.20 


Cp = 6387 Re! ~ ——— 


Y 
c 
o 
O 
D a 
@ 
Oo 
O 
Q 
L— 
5 
m 
V) 
iz 
CL 


500 1000 1500 2000 2500 
Reynolds number, Re 





The Power law relationship hs 


_ £387 a 
OT Re 


(C) Based 4 on the variables Used ana the Fiven data | 
TFEAZEHERTU the empirical relatonsh:p, £3. o would only be 
| | Appi enk " the | Reynolds hike range. 
EI aos mee -aCA Re € Zooo 


pes AI though The e dadenh might be va lial pans 
this range, results Should not be ex tra pola led 
begon d The range of deta used. 
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*7.30 The pressure drop across a short hol- Plot the results of these tests, using suitable di- 
lowed plug placed in a circular tube through mensionless parameters, on log-log graph paper. 
which a liquid is flowing (see Fig. P7.30) can be Use a standard curve-fitting technique to deter- 
expressed as mine a general equation for Ap. What are the | 


limits of applicability of the equation? 
Ap = f(p, V. D. d) PP : 3 
where p is the fluid density, and V is the mean 
velocity in the tube. Some experimental data ob- 
tained with D = 0.2 ft, p = 2.0 slugs/ft, and 
V = 2 ft/s are given in the following table: 


d (ft) 0.06 | 0.08} 0.10 | 0.15 y 
- —— 
Ap (lb/ft) | 493.8 | 156.2 | 64.0 | 12.6 


Ap 








Sud 
FIGURE P7.30 





Ap3 FL? P= ee 7? Y= y" p=L dl 
From The py Theorem , 53 =2 pi terms re Rul ved - By ins pec tion 
for T, ( containing Ap) ` : 

T. AP = Fe Cr ummaes. i FUG? 

1 ØV ET UT 

Check using MLT gert 
AP m Q1 a E APETI ok 
V> (MP LT)” 


For T, ( contarning D and d): 





(which is obviously dimenstonless ). Thuas, 


S5 6 (7) 
Por The data given’ 


D/d 3233 2.50 
Ap/ov? 6/.7 [7 & 


A log-log plot ef These data & shown on the following page, 





(cont) 
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4.30 * (cent) 


| 
i 





Pi 2 


Sunce The data plot as a straight liae on 
a log-log plot, The €4 «2 ow for The data 
1s of The form 

7, -075 


I» heve 7f, c Ap/ py* Gud Ve = D/A : A Power 
law fit of The data Gives 
A = 0.505 Aand §& = 499% 


Thus, Ap D 377 
M s 0.505 [2 

This 7 uation i applicable over The 

range of date 1334 D X 3.33 | 
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a qutd Vt einig mee £,m h, m H, m 

Shah e | | 2.0 0.10 0.833 

“7.39 Ws hewn in Fig. 22 26, Fig. P7 32, and Video V2. 10,- 4 4.0 0.10 0.833 
a rectangular barge floats in a stable configuration provided the 2.0 0.20 0.417 
distance between the center of gravity, CG, of the object (boat — 4.0 0.20 0.417 
and load) and the center of buoyancy, C, is less than a certain | 2.0 0.35 0.238 
amount, H. If this distance is greater than H the boat will tip ~~ 4.0 0.35 0.238 


over. Assume H is a function of the boat’s width, b, length, £, 
and draft, k. (a) Put this relationship into dimensionless form. 
(b) The results of a set of experiments with a model barge with - 
a width of 1.0 m is shown in the table. Plot this data in di- : 
mensionless form and determine a power-law equation relating — __ 








c tid EGJE, D = jw rigune P7,32 


| iiem the pe Theorem, 4-1 -3 pi derms required . By 
is | HIMNO 


M E rr pega 4atio n. 





Ja 
All " TE P! um ave = ici di mensianles 


(b) For the data given tabulated values for Hb. h/b, And 4), 
: ave shown below. 




















h/b H/b a/b 

oe 
0.10 0.833 2.0 | 
za S A5 | hi 4 H/b = 0.0833 (h/b) 
0.20 0.417 4.0 a 06 
0.35 0.238 2.0 T 04 | 
0.35 0.238 4.0 0.2 

0 
EIE 0.00 0.10 0.20 0.30 0.40 


H- Án Inspection of these clata | veveals that H-/ b dees 
| | not clepend ón A/b, 6 e. The same value of HÍb 


i E3s- movensaaiia fers eh Tbe Values of £ i. Thus, 
P ENIS -$ CE) 


and from = E of [e deta, using a power- lau- 


TER SRA | -— 06 
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(a) 


7.33 The time, ¢, it takes to pour a certain volume of liq- 
uid from a cylindrical container depends on several factors, 
including the viscosity of the liquid. (See Video V 1.2) As- 
sume that for very viscous liquids the time it takes to pour 
out 2/3 of the initial volume depends on the initial liquid 
depth, £, the cylinder diameter, D, the liquid viscosity, pe, 
and the liquid specific weight, y. The data shown in the fol- 
lowing table were obtained in the laboratory. For these tests 
£ = 45 mm, D = 67 mm, and y = 9.60 kN/m.. (a) Perform 
a dimensional analysis and based on the data given, deter- 
mine if variables used for this problem appear to be correct. 
Explain how you arrived at your answer. (b) If possible, de- 
termine an equation relating the pouring time and viscosity 
for the cylinder and liquids used in these tests. If it is not 
possible, indicate what additional information is needed. 


u(Ns/im) | 11 | 17 | 39 | 61 | 107 
t(s) lm d B j) $9 4 € | d 


t= £ (5D 4,4) 
£T Aft Dat paR d EL 


From the pi Theorem | 5-322 pi terms Feg uired. 
Ey inspection, for TT, ( Containing £) 
ted 2» CT)(EL"9(00) 
H7 Me ttstC~S -2 
Je (ELT? 
Check using MLT system: 
yD a Cr) Ach TL). nn T? a 
P FETTE uat. 
or Iz ( containing A) 


he + 


= pir 





Whieh 15 obviously dimensioniess, Thus, 


zd». (< ) (1) 
m 4 [75 


For The data gwen én = Tm e ada ( & constant). 


Thus, = Eg (1) with L/D a eenstant vt follows 
That og a Constant. For the data given: 


(cont ) 
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| 7.33 | (eont ) 


EXD | 977| ¢70 $72 











874 | #75 








Since T, is essentially Constant over The range of 


the experimental data The variables used for The problem 
appear te be Gorrect. 





(b) The average value der T, is 874 50 That 
EL -pyh 
Gua There fore 
+= 674 = 8 74 
D IN ; 
4 CR xu E. \ (67X10 n ) 


b= 86k 


4473 C8 fi seanda wher /|à x eds af Mx 


Note That This restricted equation /5 on ly Valid 
for Lip = 0.672 , D = b/amm 2nd y= 7, bD 46 M m with 
2/3 of The Imthal volume being Poured. 


734 In order to maintain uniform flight, smaller birds must beat 
their wings faster than larger birds. It is suggested that the relation- 
ship between the wingbeat frequency, w, beats per second, and the 
bird's wingspan, £, is given by a power law relationship, w ~ €". 
(a) Use dimensional analysis with the assumption that the wingbeat 
frequency is a function of the wingspan, the specific weight of the 
bird, y, the acceleration of gravity, g, and the density of the air, p, 
to determine the value of the exponent n. (b) Some typical data for 
various birds are given in the table below. Does this data support 
your result obtained in part (a)? Provide appropriate analysis to 
show how you arrived at your conclusion. 





Wingbent frequency, 
bird Wingspan, m beats/s 
purple martin 0.28 5.3 
robin 0.36 4.3 
mouming dove 0.46 3.2 
crow 1.00 2.2 
Canada goose 1.50 2.6 
great blue heron 1.80 2.0 





ca) Given w =f(Z y 2, C. ) 50 that k-r*5-2-2 of T = Q(T) 
T pa apy tr wel Te Bs Mre 
wT hL Y-mz^rT , g 247, a+ ME? 
Thus, consider 
f = wotg A * Time (LT? LS 
A = M4 L7 +b tc T^-2b - M'4^T 
50 that 
f: a=0 
Li -3atbte =0 | | 
T: -/-26 20 , Which gives a-0 bs-z cz4 


T, = We 
For 7: 


2 UL TY (ML ry ut 
M ita Le 9g th+c y Aem 


N 
M 
D 
o's 
RN 
o- 
t 
^ 
u- 


1 


so thal 


M: lta=0 
L5 -2-Jatb14c z0 
T: -2-2b -0 


(con't) 
7-398 


7.34 | (con't) 


These equations give a 7-1, b7-l and c=0 
Thus, 


— 


yn "20s 

y d 
en v2 = P 3a) or W -E Ga) 
which indicates that 
w^ , That is wre where n--z 





(b) The given data is plotted below and a powor law curve fit is 
applied j with the results 
w 72.62 £ — where w~ beals/s when Lem. 
The obtained power, -0.¥s5, is very clare to that predicted by 
dimensional me thos, -0.500, 























beats/s 








eu, 














pe wingspan ,h 
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Fixed TOLL 


Umi 


$7.35 The concentric cylinder device of the type shown in Fig. 
P7.35 is commonly used to measure the viscosity, jz, of liquids by 
relating the angle of twist, 0, of the inner cylinder to the angular ve- 
locity, w, of the outer cylinder. Assume that 


0 zz fio, H^. K, Di» D, €) Hi — —me 
where K depends on the suspending wire properties and has the di- a = 
mensions FL. The following data were obtained in a series of tests i MON t 
for which j& = 0.01 Ib * s/ft?, K = 101b ft, € = 1 ft, and D; and 
D, were constant. 


Rotating 
outer cylinder 








€ 

M 0 (rad) w (rad/s) 

0.89 0.30 pL TIS Lir, ————- ne : 

1.50 0.50 D ^p | 

2.51 0.82 a | | 

3.05 1.05 

4,28 1.43 wrFiGURE P7.35 

§.52 1.86 

6.40 2.14 


Determine from these data, with the aid of dimensional analysis, 
the relationship between 6, œw, and yz for this particular apparatus. 
Hint: Plot the data using appropriate dimensionless parameters, 
and determine the equation of the resulting curve using a standard 
curve-fitting technique. The equation should satisfy the condition 
that 0 = 0 for w = 0. 


= 7! ^ = pu 
KFL Dak Dod Lal 
From The pi Theorem, 7-324 pr terms reguired. By inspection , 


For T, (comtainng e): 


Co E Ü -) WE ey". os oT oe 
m AR E CC «e FLT 
Check using MLET: 5 
wyk? c (r) (mer) (L) s M^£*Ff^ «OK 


ae 
on 


For 173 and Ty ( contenia D and D, ) 


D, s Hh 
ig E A 3 


(Chich are obviously JDostenan des J, 
(con?) 
7-40 


[#735 |(con't) 


Thas, The dimensional analysis gi elds , 
O- d {2a e 4° F, D. 2) 


Fer a given device 7 ia and et ave Corsten? so 
That a3 

d 
and with The debe pba 





iL? 4) (tt )f 29! 4e fee) ditas 
10 lb: £t 
"uhr The O vs. 4) deta supphed , (Y. follows That 
y. 


These data are plotted below. The best linear curve £j] gives 
9 = 2.98x/0°( web) 





71 





no wo À 











0 0.0005 0.001 0.0015 0.002 0.0025 
3 
wy Pk 


Hence for He particular device with ££ and Ks 10 Ib Ft, 


- & germ? IAV rad/s \xu (1b+s/fe* 
= rer OE [ev tru) Cives] 


So- Thet 


2 428 £04 


with @ tn kad for QJ) n rad /5 and M tn [b> s JA 


Jm 


Fudd 


7.37 Air at 80 °F is to flow through a 2-ft pipe at an average veloc- 
ity of 6 ft/s. What size pipe should be used to move water at 60 °F 


and average velocity of 3 ft/s if Reynolds number similarity is en- 
forced? 


For Reynolds number similar; ty, 





Res, = Re water 3 OF 

VD) _/VD 
(>). =( v Eo 
Thys 

= Val y r 
-— 1 y . =| 7 Dair 5 where trom Ta bles B.I and B,2 
ain water 

Water ^ ^ 210 x10 E3 and lair = 4i" E ii 

60°F 80°F 

Hence, 


_ f hatoxios f 6 ft/s 
Lait 7 ( eerie FR) TNA 3 ft/s 655 \(2 = 0,286 0.286 ft 
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7.36 


7.38 To test the aerodynamics of a new prototype automobile, a 
scale model will be tested in a wind tunnel. For dynamic similarity, 
it will be required to match Reynolds number between model and 
prototype. Assuming that you will be testing a one-tenth-scale 
model and both model and prototype will be exposed to standard 
air pressure, will it be better for the wind ame! air to be colder or 
hotter than standard sea-level air temperature of 15 *C? Why? 


Let ( Ìm and ( Jo denote model and prototype, respeclivel y, 
Thos, Re, = Rep , 0r 


(YE) = (vi ) j or 
- Yin . adl 

Ws = x Je V; - OTe since Ly * yo Lp 

If the wind tupnel air is at standard sea-level conditions, 

then 7, =U and 

Vn =19Vp, Hence, if Vo = 55 mph, then Vy 7550 mph, which 1s Tab 

large for simple tests. For one this, at 550møh compressibility 

effeo]s become important. At SS mph they are not. Assume 


the test are condvcted with % /% «1 so thal more realistic wind 
tunnel velocities are prescribed. From the data in Table 8.4, 


at T2/5°C, =! 47x10 ^ m^ A and the data shown below are 
obtained. ~es = 4 





























For 75 / 1f <l if follows that T 415'C, Henco, if world be better 1o 
have a cold Windivnnel. However, even with T=~ 40°C which gives 


7, /% = 0,707 the Vp = 54 mph would regire V z 10 (0.707) SSmph = 389 mph 
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7.39 


7.39 You are to conduct wind tunnel testing of a new football de- 
sign that has a smaller lace height than previous designs (see 
Videos V6.1 and V6.2). It is known that you will need to maintain 
Re and St similarity for the testing. Based on standard college quar- 
terbacks, the prototype parameters are set at V = 40 mph and 
w = 300 rpm. The prototype football has a 7-in. diameter. Due to 
inswumentation required to measure pressure and shear stress on 
the surface of the football, the model will require a length scale of 
2:1 (the model will be larger than the prototype). Determine the re- 
quired model freestream velocity and model angular velocity. 


Let ( )m and ( )p denote the model and prototype, respeclivel y. 
For Reynolds number similarity, Rep = Rep, or 


Vm zt = WE, s so thal with Z m $ p (4.6. same ai properties) 


Vm = p Vy s (z ) (40 mph) = 20 mph, since Dy = 2Dp. 


3400 


Va = 205m (SARE Chr = 29,3 f 


For Strovhal number similarity, Stn = Stp, or 


Wm Dm _ Wd E: 
"Wu = a where Mp = 300 rpm 


Hence, 


fe Yeap «(Geom zs 
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7.40 


7.48 A model of a submarine, | : 15 scale, is to be tested at 180 ft/ 
s in a wind tunnel with standard sea-level air, while the prototype 
will be operated in seawater. Determine the speed of the prototype 
to ensure Reynolds number similarity. 


Let ( Jy and ( ), denote model and prototype, respectively. 
Thus, Re, - Res, or 


in _ V2 
TA = Tp where ly = bo 
Hence 

_(m\ tb cosi 1i 
"LIV 3v A =G 
Also 


^, 2/1, 57x * E and % spas E co that 


— fh 57x10 THs - 
Li r7 A 
Thus, 














7.41 SAE 30 oil at 60 ?F is pumped through a 3-ft-diame- 
ter pipeline at a rate of 6400 gal/min. A model of this pipeline 
is to be designed using a 3-in.-diameter pipe and water at 60 °F 
as the working fluid. To maintain Reynolds number similarity 
between these two systems, what fluid velocity will be required 
in the model? 


For Keynolds nu nm ber similarly , 








Vm Pm YD 
E 
Or 
VA I Ln D v 
m Z/ D, C /) 
Since O 
p= are 
and ga! 23) in?) (LEE ) 
Yy 
Q= t e ELE gal MES,» > ds 113 
S 
60 m. min 
then fis, te 
V= 4 = 2.02 ft 
z Gt) 


Thus, Hom Eg!) 


-5 £42 
E Ue (2.02 £t) = 652 qp f 
(45x07? EEE fe) — = 
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7.42 The water velocity at a certain point along a 1 : 10 scale 
model of a dam spillway is 3 m/s. What is the corresponding pro- 


totype velocity if the model and prototype operate in accordance 
with Froude number similarity? 


For Freude number similarity , 


V. y 


feto ve 
so Tha 


ane i.) 


and with FL ARa = 10, Y, = 3 mhs 


V- Vo (3an ) = 2.49 F 
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7.932 The drag characteristics of a torpedo are to be studied 
in a water tunnel using a 1:5 scale model. The tunnel operates 
with freshwater at 20 °C, whereas the prototype torpedo is to 
be used in seawater at 15.6 °C. To correctly simulate the be- 
havior of the prototype moving with a velocity of 30 m/s, what 
velocity is required in the water tunnel? 


For dynamic sım larity, The Keyndlds number must be the 
Same for Model and prototype. Thus, 


Vm Dm | YD 
7, Z 


So That 


Since, [74 (water @ 20°C ) = L 04 X10 m/s ( lh B. 2) 
7 ( seawater @IS.6°C)= 1/7 410° mh (Table LL), and 
D/D, = ) it fellous That 


_ (1.004 KID ^e) 
rA Os) (30%) = /29 U 
m (41r xn =) )(30F) p Is 
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7.44 Fora certain fluid flow problem it is known that both 
the Froude number and the Weber number are important di- 
mensionless parameters. If the problem is to be studied by using 
a 1:15 scale model, determine the required surface tension scale 
if the density scale is equal to 1. The model and prototype op- 
erate in the same gravitational field. 


For dynamic similarity , 


Vm = E E (Erind Number similarity) 


Te Var 





and 


5 2 
Frm Vom Jn = ax f helie number sia laxity) 
s. om 


lo satisty Froude number similarity (wrth 27$), 
V A | 
and ‘therefore for Weber number similarity 
C Fm Vm \ Ama = fom Lo Ae oP d Nt 
pc RG ee oy 
Thus , with B H B is and (ar [^ = E 


E. 
- (1) (72) = yyy X Id 


g- 
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745 
7.45 The fluid dynamic characteristics of an airplane flying 
at 240 mph at 10,000 ft-are to be investigated with the aid of a 
1:20 scale model. [f the model tests are to. be performed in a 


wind tunnel using standard air, what is the:required air velocity 
in the wind tunnel? Is this a realistic velocity? 


For dynamic sim larity The. Reynolds number must be the 


=a 


Same for model and prototype. /hus, 


jo thet 


y» Z. L. e) 


SINCE, E-. Ib. s ed 
M = 3.534 x10 Tp j PF MIL xI0 Due (Table C.) 


=? 
=3.74x 10° les , » =a ag A 


Qua A Jb. -20, it follows from E. 0) That 


-7 lib. -3 
, (3.74 x10 Mes) (1754x l0 A ) 


E ( 3.534.110" 287 ) (238x107 aluss ) (z0) (zvo mph) 


No, ıt is not a realsthée velocity — much to high. 


7246 


7.46 Ifan airplane travels at a speed of 1120 
km/hr at an altitude of 15 km, what is the re- _ 
quired speed at an altitude of km to satisfy Mach - 
number similarity? Assume the air properties cor- 
respond to those for the U.S. standard atmo- 


sphere. 


For Mach number similarity, 
V 
E 


(1) 


(X 
15 Ream UTR 


The Speed of Sound can be calculated Tram The 0g ua tuor 
ez VÆRT (E. 1.20) 
and far a $40, = 286.9 J/ da k 
At IS beam alh tude , 
T= = 56.50 °C + 273./5. = alel k (Table C,2) 
and al A hon 
T=-3694 °C t 47318 = 
Thus, at 15km alhtude 
Eu" | (40 )(2869-F \ (21.7K) 2 295 = 


234.2 K ("Sue £x) 


4 


Qua at 8 Rom o 
C ene) [284.1 2) (226.216) = 308 = 








bhm 
From Eg.) 
w LL. 
V 5 g hm c 306 $ +, 
T OA "T |i20 = 
= Jj ko 
hr 


7.47 (See Fluids in the News article “Modeling parachutes in a wa- 
ter tunnel,” Section 7.8.1.) Flow characteristics for a 30-ft-diameter 
prototype parachute are to be determined by tests of a 1-ft-diameter 
mode! parachutein a water tunnel. Some data collected with the model 
parachute indicate a drag of 17 1b when the water velocity is 4 ft/s. 
Use the model date to predict the drag on the prototype parachute 
falling through air at 10 ft/s, Assume the drag to be a function of the 
velocity, V, the fluid density, p, and the parachute diameter, D. 


P d V, o, D) 


Gar ftir" fert r Bad 
From The pr Theorem, f= ge | pe term reguireck , 
Gnd @ dimensional analy sis Yields 

A =c | 
Where C ıs a Constant. Thus, for Similarity 
between Model ana pro toty pe 

Ps L uA. 
AV Aa Von Qn 











So that TA A 
à -GEV R) 2 
- Sna E) ; £y (2E) (is Ib) IL 
i! E 
s [17 d 


£752 


7. 


7.48  Thelift and drag developed on a hydro- - 
foil are to be determined through wind tunnet: 
tests using standard air. If full scale tests are to 
be run, what is the required wind tunnel velocity 
corresponding to a hydrofoil velocity in seawater 
of 15 mph? Assume Reynolds number similarity 
Is required. 


For Kegnolds number similarity , 
Vin Lm VE 


C 
A $$ —$——— 


TA Y 
where L is some chavacterishé length of the hydrtei / 
Thus, 


and with ya) PLN, (full scak fest ) 


(1.57 a = ) 


Um 
xt, neat = [5 mph 
s y V (4.26 x10? f£") ( see 


= /87 mph 


| 249 


7.4 A 1/50 scale model is to be used in a towing tank 
to study the water motion near the bottom of a shallow chan- 
nel as a large barge passes over. (See Video V7.16) Assume 
that the model is operated in accordance with the Froude 
number criteria for dynamic similitude. The prototype barge 
moves at a typical speed of 15 knots. (a) At what speed (in 
ft/s) should the model be towed? (b) Near the bottom of the 
model channel a small particle is found to move 0.15 ft in 
one second so that the fluid velocity at that point is ap- 
proximately 0.15 ft/s. Determine the velocity at the corre- 
sponding point in the prototype channel. 


(a) For Froude number similarity 
Vm V 


Where L is some characterishe [eng tr | and Ih fm^ d 
Vm _ | £m (1) 
VoU a | 

‘Thus, Vrs = l = (\5 knots) - 2.)2 A nots 


ft 
From Table A.l | not = (0.514 9) (3211.3 = E Lae 











So thet e (4. |2 nots )(1 „t j= 353 


————— 
———— —À 


(b) Since from Eq. (1) 


So that E [So (0.15 - = fe 
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7.50 


7.50 A solid sphere having a diameter d and specific weight y is 
immersed in a liquid having a specific weight y/(y, > y,) and then 
released. It is desired to use a model system to determine the max- 
imum height, h, above the liquid surface that the sphere will rise 
upon release from a depth H. It can be assumed that the important 
liquid properties are the density, yr 8. specific weight, y,, and vis- 
cosity, yz. Establish the model design conditions and the prediction 
equation, and determine whether the same liquid can be used in 
both the model and prototype systems. 


Assume Vat 4-f(4, H, 4 A 4, up ) . Mote That by 
including ds, re and 2, bomn The mass and Weight of the 
fluid and sphere are taken into account. This follows since 
A (densrfs ) - 2/5 . Lt would be incorrect fe hst Ò, fA, and 
as independent variables . We expect fne mass of The Spheve 


fe be Im portant since The sphere wil) have accelerated moton. 
Ince, 


= = E + p,-3 = g7? a d oie 
4-L d=l Met GF? ae Fe" geht Pg 2 FUTT 
The pi Theorem indicates Mat 7-3= 4 pl terms reguived, A 
dimensional analysis que lds 


4 u, 3, Hefe) 
t. g (4, Eo IER 


Thus , the Medel design conditions ave 
Hm. E lm = %3 em dm T 
dw d 27 6. 7» 4; Of d? 
QM d The Prediction Cguaton IS sz eo tS 
NE" 
d. dma 


From The last model design Condition [with a= fm), 


Mim » Seon du (1) 
tii e y | / : 
a: R13 


Since dm/d 5 The lengh Scale, and i5 presumably not egual 
to one , £g.) will net be sotshed iF The same liquid Is 
used . Thus, the same liguid cannot be ased. 
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7.81 A thin layer of an incompressible fluid flows steadily over a 
horizontal smooth plate as shown in Fig. P7.51. The fluid surface is 
open to the atmosphere, arid an obstruction having a square cross 
section is placed on the plate as shown. A model with a length scale 
of 1 and a fluid density scale of 1.0 is to be designed to predict the 
depth of fluid, y, along the plate. Assume that inertial, gravitational, 
surface tension, and viscous effects are all important. What are the 
required viscosity and surface tension scales? 


Free surfece 





A FIGURE P7.5i 


4 A lul dgnemics problem for which mertal, gravi ta bonal, surface 


NSIN, Qn viscous effects are all important reg wires Frou de, 


Reynolds , and Weber number similarity (see Table 7.1 ). Thus, 
for V. 
^ Xx 


Vandy VEA 
( Froude number similarty) it follows Tat (wit g= Jan ] 
Vot \jdm 
p= ye 
For Feynolds numbty similarity , 
/m Vm ehm. PVA 
^ 





tm Ma. fa Vn du = fn [et du fs ey 

^ F Yd FTO aAa bs 
= (i.o) (4: y^ = * = 0,125 
For Weber number similarity , 
a ae i 

and » ^ 2 
Gn. [m Vn du e m dm - Pn 
0779 Vid & (ys d £e (tut 
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7.52 The drag on a 2-m-diameter satellite dish due to an 80-km/hr 
wind is to be determined through a wind tunnel test using a geomet- 
rically similar 0.4-m-diameter model dish. Assume standard air for 
both model and prototype. (a) At what air speed should the model 
test be run? (b) With all similarity conditions satisfied, the measured 
drag on the model was determined to be 170 N. What is the pre- 
dicted drag on the prototype dish? 


(a) From E3. 7.19, Reynolds number similarity is reguived . Thas, 


im Dm. VD 
Wm T d 
Where D ss the dish diameter. It follows thet 
Ee BD og 
m ux 
and with I fy =i 
kí 





2m um ai 
— yo 5.) = Yoo a 








(b) From £9. 7.19, 
Dern e. 
fama D zp D 








2 2, 
-o E D 


(80 a (2m) 
(too £s) (atan)? 
( Note that (D zu, in this problem, since from the Condi ton 


of Reynolds number similarity , v Wn D. [D* This is not 
true in general. ) 





Qa, 


(170 W) x {To N 








FSA 
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7.53 A large, rigid, rectangular billboard is supported by an elastic V 

column as shown in Fig. P7.53. There is concern about the deflec- X — 
tion, ô, of the top of the structure during a high wind of velocity V. = 
A wind tunnel test is to be conducted with a I : 15 scale model. As- — 
sume the pertinent column variables are its length and cross- == 
sectional dimensions, and the modulus of elasticity of the material =E 
used for the column. The only important “wind” variables are the —» 
air density and velocity. (a) Determine the model design conditions — 
and the prediction equation for the deflection. (b) If the same struc- —» 
tura! materials are used for the model and prototype, and the wind — 
tunnel operates under standard atmospheric conditions, what is the — 
required wind tunnel velocity to match an 80 km/hr wind? s — 

Front View Side View 


a FIGURE P7.53 


Assume S= f (ZL, £P, V, 
‘Where: d~ deflechon = E, A^ Td length = al, 4 ~ other lengths = L 


(us 1,2, ~~ efe. ); pv air deuil d RpE V wd  Velacrh SLT, 


Ew Es elasherty = ECF poe The pi ' theorem ? 
(savc)-32 2+i pi terms required, and a dimensional analysis 


| ds 
S ven 


(a) The model design conditions are m 
“in a En fom Ven T x Ez 
E» 


aud the pu Cg uation IS 
$.4 
L2 p 
or with a Jeng]h scale of [i5 
d? /Sdan IS San 


(b) From The second econd model design condition , 
Las Ew L y 
m E fm 


So That with E =Em ane A = fm 


Vin = V 


or Yule wo 
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7.54: Athinflatplate having a diameter of 0.3 
ft is towed through a tank of oil (y — 53 ib/ft?) 
at a velocity of 5 ft/s. The plane of the plate is 
perpendicular to the direction of motion, and the 
plate is subrgerged so that wave action is negli- 
gible. Under these conditions the drag on the 
plate is 1.4 lb. If viscous effects are neglected, 
predict the drag on a geometrically similar, 2-ft- 
diameter plate that is towed with a velocity of 3 
ft/s through water at 60 °F under conditions sim- 
ilar to those for the smaller plate. 


Tf viscous and wave effects ave neglected , 


d= f (An, V) 
where: KI drag = P d ^ plate diameter =L j~ fld density = FLT? 
and V~ velocity = LT. From the pi theorem, 4-32 | pi term 
yeguired, and a dimension! analysis yields 


oF 
M= 2 41 
Vid 
Since There IS only one pe term 


Lm = iD - = Constant 

flad PVA 
Where m rekrs to The Smaller, 0. 3- £t-diameter plate | 
Thus, 





"Fam Ve Io dnd 
From The data given : 
P= 44 slugs/ft* ; a= 2ft; V= 3 ft/s 


zo 3 lb/ft? ; = = 
Z, HET.) dm 2063465 Mao 5S A Ae 


Thevefore , trom Eg th, 


Ae (i. 94 suas ) ZA (zf) 


(RER (e (one) 





(ul) = aL Ib 
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7.55 For a certain model study involving a 
1:5-scale model it is known that Froude number 
. similarity must be maintained. The possibility of 
cavitation is also to be investigated, and it is as- 
sumed that the cavitation number must be the 
same for model and prototype. The prototype 
fluid is water at 30 °C, and the model fluid is water 
at 70 °C. If the prototype operates at an ambient 
pressure of 101 kPa (abs), what is the required 
ambient pressure for the model system? 


for Froude number similarity j 
i. 
| dm Ran V 9 4 
So that (with 424, ) 


Vm, = 2m n 
V Æ 


For cavitation number similarity , 
FEMA. (541 
z/ A 
LL follows tat Vie 
CREE NC 


and making use of Eg. " 
lB- f) x2 > im (p A, ) 62) 
For water (from Table 8.2): 
OME £7977. 8 kilm? ; Tou 7 36x10” nim (abs) 
@ 30°C P= $957 ky lon? ; - 42693 xil Mm" (abs) 


Thus, from E AR 
( 977.8 
Nt e 


( 995.7 En ) 





3 3 TA 
=) (ixi X 4 243X10 TAA pXID à 


c 57 P (abs ) 
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7.56 A thin layer of spherical particles rests 
on the bottom of a horizontal tube as shown in 
Fig. P7.56. When an incompressible fluid flows 
through the tube, it is observed that at some crit- 
ical velocity the particles will rise and be trans- 
ported along the tube. A model is to be used to 
determine this critical velocity. Assume the crit- 
ical velocity, V. to be a function of the pipe di- 
ameter, D, particle diameter, d, the fluid density, 
p, and viscosity, 4t, the density of the particles, - 
p,, and the acceleration of gravity, g. (a) Deter- FREE ppp aera apes 
mine the similarity requirements for the model, FIGURE P7.56 
and the relationship between the critical velocity 

for model and prototype (the prediction equa- 

tion). (b) Fora length scale of ? and a fluid density 

scale of 1.0, what will be the critical velocity scale 

(assuming all similarity requirements are satis- 

fied)? 


(4) 5 TD 4,0, p, n) 


Vz2LT" DsL del es FE";* uz FU"T sECT* ELT 
c f p ZU f, d 





— 


From The pi theorem, 1-37 4 pi terms reguired, and a 
dimensional iuiipds yields 
3 * 
che -é( $5 5, ME ) 
D pe 
Thus, the "L^ ye quirements ave 


Cm . d fm . £ Gn dm Pn dp 
Da d C» Op x = 


The prediction ar rs 
a "2" i 


(L) TF all similarity euet are satistied The prediction 








equation (n dicates at 
Vemm - " A Ham = = (o cay = g Am 2n 
EH 7» ^ A 


From The Third simi larity requirement ( with $7 Jan ), 


Wg ) (i. o) fu 
Thus, from Eg.) 


Vem -245 =i0, 101 





MR ee 


Ve 
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7. 5 7 The pressure rise, "ME across a blast wave, as shown 
in Fig. P7. 57and Video V11.7 is assumed to be a function of 
the amount of energy released in the explosion, E, the air den- 


two blasts: the prototype blast with energy release E and a model 
blast with 1/1000th the energy release (E,, = 0.001 E). At what 
distance from the model blast will the pressure rise be the same 
as that at a distance of 1 mile from the prototype blast? 








ua | 











| the 


ime? plana Y f qne 











a 





ESTE 


sity, p, the speed of sound, c, and the distance from the blast, | 
d. (a) Put this relationship in dimensionless form. (b) Consider E. 


2 pira 


pr Tebiierk e. tr 228 Pi terns re 
lg sis ylelds LE | 
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(2) a) 


EB FIGURE P7.57 
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7.58 The drag, 9), on a sphere located in a pipe through 
which a fluid is flowing is to be determined experimentally (see 
Fig. P7.58. Assume that the drag is a function of the sphere 
diameter, d, the pipe diameter, D, the fluid velocity, V, and the 
fluid density, p. (a) What dimensionless parameters would you 
use for this problem? (b) Some experiments using water indi- 
cate that for d = 0.2 in, D = 0.5 in., and V = 2 ft/s, the drag 
is 1.5 x 107? Ib. If possible, estimate the drag on a sphere 
located in a 2-ft-diameter pipe through which water is flowing 
with a velocity of 6 ft/s. The sphere diameter is such that ge- 
ometric similarity is maintained. If it is not possible, explain 
why not. 





FIGURE P7.58 


(a) D = Fld, 0, V, p) 
BF del Del yt zape” 


From The pi Theorem, 3-3 = 2 pi Ferms reguived, dnd a 
dimen sona! € yields 


rs - #($) 











(b) The similarity re dure ment hs 
Ge. XE 


Da 2 





so That O.2in. ~ AF 
ô, S in. 2 fe 
and d= 0.8 FL (regmied. diameter ) 


T bus, Tne Predictien equation 13 


& D 
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7.59 An incompressible fluid oscillates har- 
monically (V = V, sin wt, where V is the velocity) 
with a MEQ neq of 10 rad/s in a 4-in.-diameter 
pipe. A íscale model is to be used to determine 
the pressure difference per unit length, Ap, (at 
any instant) along the pipe. Assume that 


= f(D, Vo, C, P H, p) 


e -3 - 
Jf = FL  nD7L Y= 
Frem the pi theorem, 
dimensional! analysis Yields 
D Af 
Ph? 


(LyU aT 


where D is the pipe diameter, œw the frequency, 
f the time, 4 the fluid viscosity, and p the fluid 
density. (a) Determine the similarity require- 
ments for the model and the prediction equation 
for Ap,. (b) If the same fluid is used in the model 
and the prototype, at what frequency should the 
model operate? 


"o BàT cR RUD 


7-3 = 4 pi terms reguived avid a 


tg (ME ot, Pj 


(a) Thus, the similarity reg urements ave 


Vo, Can O ME 
"Dea D 


4), o, 7 Wt 





PA. 
Pm 


^k 


Qnd The prediction eguatión 


D åh Dm A Pom 
Pho fm Vom 


(h) For Reynolds nyumber similarity ( the last similarity reguivembnt ) 
with the same fiui in model and Prototy pe j 
Yom. 2 


Vo moO | 
so That trom Me Lirst similarity reguire ment 
D, Vo _ (Dm) Bu) = (Du? 
Eon A 7:353, (= ) 


uw o p Yan 
Thus, 15 satis ty The Vemainins sim larity rexuivement 
llm Tan = 


- (F Ya = 


or 


(4) "be rad) - 


racl 
lbo tae 
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7.60 As shown in Fig. P7.60, a "noisemaker" B is towed behind a 
minesweeper A to set off enemy acoustic mines such as at C. The 
drag force of the noisemakér is to be studied in a water tunnel at a 
^ scale model (model X the size of the prototype). The drag force is 
assumed to be a function of the speed of the ship, the density and 
viscosity of the fluid, and the diameter of the noisemaker. (a) If the 
prototype towing speed in 3 m/s, determine the water velocity in 
the tunnel for the model tests. (b) Ifthe model tests of part (a) pro- n ACA 
duced a model drag of 900 N, determine the drag expected on the i 
prototype. 





E] 
(a) D ={(V, e, p, D), where Dek T VF oh, 
pez Æ, and D] 
Thvs k-r=5-3=2 so thal T = P, 


where by inspection there are the ingredients: for a Reynolds 
number Re = QVD/u,, and a drag coeficient, c, -a9/ (10V * D^). 


Hence, 
C, = (Re) 
For similarity, Rey = Ne , or 
Co Vn Dn = OVD so that with Oy -Q and My =P 
Am " 
WD, = VD or with Dm * D, 
y= 2 4V -22(32)-212 Z 


E 








HY 


(b) With Re, «Re it follows that C», Cp, Or 
Lin 4 


zw Dn f z pv” b 
T hus since Qm =P, 


Ln 


Qu. ot gv 


WM VP» 
2 2 ae 
A =m) (Dn) h = (Gees) (2) (GOON) = goo 


Note: The prototype hasthe same drag as the model. 
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7.61 The drag characteristics for a newly de- 
signed automobile having a maximum character- 
istic length of 20 ft are to be determined through 
a model study. The characteristics at both low 
speed (approximately 20 mph) and high speed (90 
mph) are of interest. For a series of projected 
model tests an unpressurized wind tunnel that will 
accommodate a model with a maximum charac- 
teristic length of 4 ft is to be used. Determine the 
range of air velocities that would be required for 
the wind tunnel if Reynolds number similarity is 
desired. Are the velocities suitable? Explain. 


For Reynolds number sum larrts j 
p Von TUN = à v 
fa tade « by 


jum 
Von ~ A E V Cr) 


Since. The wind tunnel is unpressanged The air properties will be 
a ppreximatelg the same for Model and profetype. Thus Eg, C?) 


reduces +o "T v3 y 


and fer the cat a 
s Go’ y= sy 
fmn (4% £t) F 
Therefore at low speed 


So 7ha d 


Ym > 5 (20 mph) - /00 mph 
aud at fih speed 
V.= 5 (70 mph) = "$0 mph 


SO That The model veloc ity Vange ts /00 mph to Y¥S0 mph . 


At the high Velecrty i the wmd tunnel , Compressibility of The 
air would start To become aqn Important factor, li he reas 


com pressib, its A Not Important for Me Prototype. Thus, The 
higher velocity reguired for Tte model would not be surtable. 
No. 
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7.62. The drag characteristics of an airplane 
are to be determined by model tests in a wind 


tunnel operated at an absolute pressure of 1300 


kPa. If the prototype is to cruise in standard air 
at 385 km/hr, and the corresponding speed of the 
model is not to differ by more than 2096 from this 
(so that compressibility effects may be ignored), 
what range of length scales may be used if Rey- 
nolds number similarity is to be maintained? As- 
sume the viscosity of air is unaffected by pressure, 
and the temperature of the air in the tunnel is 
equal to the temperature of the air in which the 
airplane will fly. 


Pr Reynolds Aumber sumi larity ) 


So 7hat 


Or 


(an Ym ku AVS 





Jm F 
kw . jhe Y 
EEE 


T. 
£4 


n e 
and E3. l1) Can be writen as ( with My A ) 


A. 3E 
4 RM. 


For The date given 


and with 


het NARR) y 
4 (1300 kR ) Vom 


Am Uo 


] 


Y= (I£6.2) V, st Allows That 


k — (3004/4) (10.2) 


Thus f the range af length sales ^s 
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| 563 Wind blowing past a flag causes it to ‘‘flutter in the 


breeze.” The frequency of this fluttering, w, is assumed to be 
a function of the wind speed, V, the air density, p, the acceler- 
ation of gravity, g, the length of the flag, €, and the ‘‘area den- 
sity," pa, (with dimensions of ML ^?) of the flag material. lt is 
desired to predict the flutter frequency of a large € = 40 ft flag 
in a V — 30 ft/s wind. To do this a model flag with € — 4 ft 
is to be tested in a wind tunnel. (a) Determine the required area 
density of the model flag material if the large flag has p, = 
0.006 slugs/ft^. (b) What wind tunnel velocity is required for 
testing the model? (c) If the model flag flutters at 6 Hz, predict 
the frequency for the large flag. 


cof, 4,4, A ) 


(a) For similarrty 


Gna Since Bn =P 
- m p = (tt 
79 Ea fa a E 


im . LA 


Cae es T 


(b) Er sim, lari Tu 


Gna with p» 


m a Y. 
[MEETS 


[1 


Vm 


ped is 


w iE - E 


) 


2r) 
) (0.004 ri 


we! KAET p2 ME? geht” Lal aami” 


From The pi Theorem, 6-3 = 3 pi terms reguired, qand a 
dimensional qnal ysis yields 


oS t. f. 


I Slugs 
= 0.0006 pta 


E v reges 


(c) With The similarity requirements satistied the prediction 


50 That pn | 
I) = $ Jam ion = Er: (LH. )* 1.40 B5 
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$365 The drag on a sphere moving in a fluid 
is known to be a function of the sphere diameter, 
the velocity, and the fluid viscosity and density. 
Laboratory tests on a 4-1n.-diameter sphere were 
performed in a water tunnel and some model data 
are plotted in Fig. P7, 65, For these tests the vis- 
cosity of the water was 2.3 x 10^? lb-s/ft? and 
the water density was 1.94 slugs/ft?. Estimate the 
drag on an 8-ft diameter balloon moving in air at 
a velocity of 3 ft/s. Assume the air to have a 
viscosity of 3.7 x 10°? Ib-s/ft? and a density of 
2.38 x 10^? slugs/ft*. 


Model drag, Ib 





Mode! velocity, ft/s 
FIGURE P7.65 


a = £ ( d, V, P, n) 
where: a drog2 F, da~ sphere diameter =L, V~ velecity 2 pr 
p^ Fluid density 2 FLC*T* py mausia È ey 


From the pi Theorem S-3= 2 pi ferms reguired, and a 
Aimensional analysis Fun 


Vd 
"-— 
[hus, KCeynelds number similarity as reg uires so That 
[im Vm dan. Vd 
an 


> £m £. d 
Mm A fe od 


(4.3 xio% “Bs fa 39x10 e) (9 ££) 


ey 











LL re ee 
(ous et 

From the graph for m= £t PA, af m Lo Ib, Sme 

" GE AAA uS 

so That mele id mee 

e n ua B de á "A = RD 
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y, 70,05 fn 
7.67 Drag measurements were taken for a sphere, with a diameter h^ 
of 5 cm, moving at 4 m/s in water at 20 °C. Theresulting drag on 
the sphere was 10 N. For a balloon with 1-m diameter rising in air water 


with standard temperature and pressure, determine (a) the velocity ain 

if Reynolds number similarity is enforced and (b) the drag force if 

the drag coefficient (Eq. 7.19) is the dependent pi term. mo d el prototype 
(a) For Reynolds number similarity, Reg = Rep, : where ( Jnd € \m 


refer 1o prototype and model | respectyely . TAVS, 





Ve _ Van op 
Vp jm 


LE 3 EL 
=, itil ptt A (0.0 sm) 


m 
? 1- 








(b) Cdp = Cim, since C,- (Ke) and Rem = Rep, 


p - M 
ZOP Dp 10V, 


Pr 
f EJ 34, 


a 23 kg/m?) (_2.9/ m/s Im 4 
“(998-2 kg/m?) 4 m/s atik) 1 1m ) um = a 245)N 
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7.68 A prototype automobile is designed to travel at 65. km/hr. A 
model of. thís design i is tested i in à witid tunnel een Tienen: stan- 





force on thé prototype and (b) the power eee to nia) e this 
drag. See Eq. 7.19. 


For this model, ( Jy, and prototype, ( Jg, assvine 
Cy=P(Re), where Re =VkL/y and G= D/ CE oV T) 
so that if Re, = Rep, 





then C5, = C, 
(a) Vn lm /Un = php a, where tg = 1p. 
Hence, 
Vn * - AY ( 65 E = 32s exe sins) = 90.38 
Also, with om c Cop , 
mn y | 
1o, "Jh n "Rh , OF SINCE Os = Qu, 
» - 5 km/hr $y ps = 
-(3£) (4) 44, = (Sep) (4) (e) = 400 


(b) P = power = DV so that 
p= Lp Vp = 400N (65 el eras Lie )( a) = 7,220 1 es 


3600s ] km 
27220 " 
Note! $* 7220W (1,34)x)0 5E.) - 2.68 hp 
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7.69 A new blimp will moveat 6 m/s in 20 °C air, and we want to 
predict the drag force. Using a 1 : 13-scale model in water at 20 °C 
and measuring a 2500-N drag force on the model, determine (a) the 
required water velocity, (b) the drag on the prototype blimp and, (c) 
the power that will be required to propel it through the air. 


For this model and prototype, assume (see Ec. 7,19) 
= Ü( Re) , where Re = V/V = Reynolds mmber, and 
C= 0 /( zov) = drag coetficjent 
(a) Thus, with ( iJ and ( Jp denoting model and pr ototy pe ye espectively 


Re, E Reg 
DADO 
"E 
Hence 2 Va M Loori nts y B agi 
E GE NG MMe à (4) (7 51x105 m/s AME 
(b) C, = dp d or 
un _ 


3 = 

faa S 7 Ee 
hha Cpl 
2. 


4, - AE GE) (e) d 


q É / 2. 
EC ree 5, 25 ( 13) (2500N) = 678N 


(c) p = Lp \p = ezeN (6) = 4070 Nm = 4070W 


* Fluid properties are trom Tables 8.2 and 8.4 
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7.70 At a large fish hatchery the fish are reared in open, 
water-filled tanks. Each tank is approximately square in 
shape with curved corners, and the walls are smooth. To cre- 
ate motion in the tanks, water is supplied through.a pipe at 
the edge of the tank. The water is drained from the tank 
through an opening at the center. (See Video V7.9.) A model 
with a length scale of 1:13 is to be used to determine the 
velocity, V, at various locations within the tank. Assume that 


V = f (€, €, p, i4, 8, Q) where € is some characteristic length | 


such as the tank width, €; represents a series of other perti- 


nent lengths, such as inlet pipe diameter, fluid depth, etc., p - 


is the fluid density, yz is the fluid viscosity, g is the acceler- 


Cd 


Airmensonal analysts 
Aes 
0€ — 


V* £(4,4;, p, 

From The Pi Theorem 7-3 = 

yields 
Le Q* Q 

ICD EE 


ation’ of gravity, and Q is the discharge through the tank. 
(a) Determine a suitable set of dimensionless parameters for 
this problem and the prediction equation for the velocity. If 
water is to be used for the model, can all of the similarity 
requirements be satisfied? Explain and support your answer 
with the necessary calculations. (b) If the flowrate into the 
full-sized tank is 250 gpm, determine the required value for 
the model discharge assuming Froude number similarity. 
What model depth will correspond to a depth of 32 in. in 
the full-sized tank? 


F4 9) 


AL Pe terms regure d äna a 


E 





Thus, The siimilanty requiremen?s are 


him L On 
Zm Ż VEEM 


and The 


Q 2 
Ae $ 
Prediction eguatiðn L5 


Fn Om PQ 
bm Am Ap 


VR Valla 
g on | 
From the ‘ast similarity yeguiremeit. with fy =P and = p 


Onn 


Ọ Cm Ma 


-L 4 m = Lm 
£ R 


However, fram The second similarity veguirement with 


gm 


CQ, , p 5/2. 
a e (be) 


Since These two Fequirements Ane 3h duds gb 
fo laws Thet the similarity reguirements Cannot 


be satished, No. 
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(b) For Froude number similarity 
Vm ` YV 


Rn VJA 


and with € 


Vom [am 
Y X4 

Thus, From the prediction enar 
VAS. Vendor 


(eb "tg thas 


Ge - be (Ie VF f. (4 , 


so that With ba, = | /13 


3/2 
e (di Y aso gpm) = 0-410 gpm 


Note that this same result Can be obthines from The Second 
sim larity reguirement ( Which Corresponds Jo Froude 
Number sim larity ) Since 


Qn a 2- 

AES = 4 

ana There hve J jJ ts 
m. 2 Q 


Geemetric similarity reg uires That 


d dis = JE 

foh Ba 
or Lem - Lom ee 
Zz 8 


So That all lengths scale as The length Scale . Thus, 
mus 
(depth -— E (+ ) Cert) ie 


= (5) (32 in) = 2.46 in 
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7.71 Flow patterns that develop as winds blow past a 
vehicle, such as a train, are often studied in low-speed en- 
vironmental (meteorological) wind tunnels. (See Video 
V7.16) Typically, the air velocities in these tunnels are in the 
range of 0.1 m/s to 30 m/s, Consider a cross wind blowing 
past a train locomotive. Assume that the local wind veloc- 
ity, V, is a function of the approaching wind velocity (at 
some distance from the locomotive), U, the locomotive 
length, €, height, h, and width, b, the air density, p, and the 
air viscosity, 44. (a) Establish the similarity requirements and 
prediction equation for a model to be used in the wind 
tunnel to study the air velocity, V, around the locomotive. 
(b) If the model is to be used for cross winds gusting to 
U — 25 m/s, explain why it is not practical to maintain 
Reynolds number similarity for a typical length scale 1:50. 


(a) v= £(V, £4, bpp) 
Vert ULT! Pel hel bèl PS FUT ys FLUT 
From The pi Theorem 7-3=% pr terms required, Qna a 
clfmensiona | TR ' yields 


$ (4,4 E RP) 


Thus, The FAN Lo AE. ü ve ht 
Lm. 4 bm "IN [n ho. UM . ET 





tim h tim č P Mam p^ 
The prediction e QuLai6H [5 

V = Vn 

D' ia 





(b) Since The density ana viscosity of the air Flowmg around The 
train ana The air in the wiid tunnel would be practically 
the same (Pat Py hm X), 1E Follows from the last 
Simi larity Veguirement ( Which ps The Reynolds num ber ) 


tnat U- (4 \ U 


Thus, with a lengh Scale of 1450 and with 


U- m 
satis > (0) smh) = 429075 


TA 15 reguited Pal Ve loeity 4s Mach higher Tha n 
Can be Gceheived 44 The Wind Lunnel anet 


Thevedore iF ts hot practical fo mantais Key nolds 


Number Simi larity. The reg uired Model veloerty i 
too high. 
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7.72 (See “Gatloping Gertie,” Section 7.8.2.) The Tacoma 
Narrows bridge failure is a dramatic example of the possible 
serious effects of wind-induced vibrations. As a fluid flows 
around a body, vortices may be created which are shed period- 
ically creating an oscillating force on the body. If the frequency 
of the shedding vortices coincides with the natural frequency 


of the body, large displacements of the body can be induced as 0.22 
was the case with the Tacoma Narrows bridge. To illustrate this 
type of phenomenon, consider fluid flow past a circular cylin- 0.20 


der. Assume the frequency, n, of the shedding vortices behind 


the cylinder is a function of the cylinder diameter, D, the fluid 
velocity, V, and the fluid kinematic viscosity, v. (a) Determine 
a Suitable set of dimensionless variables for this problem. One 


St, aDIV 


of the dimensionless variables should be the Strouhal number, 
nD/V. (b) Some results of experiments in which the shedding 0.14 
frequency of the vortices (in Hz) was measured, using a 


particular cylinder and Newtonian, incompressible fluid, are 


i ' ; ' a 0.12 
shown in Fig. P7.7. Is this a "universal curve" that can be used 10 100 1,000 10,000 
to predict the shedding frequency for any cylinder placed in any ` Re, VDiv 
fluid? Explain. (c) A certain structural component in the form BFIGURE P772 


of a 1-in.-diameter, 12-ft-long rod acts as a cantilever beam with 
a natural frequency of 19 Hz. Based on the data in Fig. P7.7 , 
estimate the wind speed that may cause the rod to oscillate at 
its natural frequency. Hint: Use a trial and error solution. 


(à) net (D,v, v) 
n= T^" pal VvslT^ PELT 


From the pr The orem, 4-222 pe terms requires , 
And A climensiona | analysis yields 


2 -Q( T? 


pon 9 


/ 





(b) Yes. TF the variables of part la ave correct Then 
this i5 a "universal or general relahonship 


between Jhe SErsu hal Number And Me Key nolds 
humber. Tt ıs Vales ever the range of 


Reynolds numbers Covered in the ekperimenT . 
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7.73 (See "Ice engineering," Section 7.9.3.) A model study is 
to be developed to determine the force exerted on bridge piers 
due to floating chunks of ice in a river. The piers of interest have 
square cross sections. Assume that the force, A, is a function the 
pier width, b, the depth of the ice, d, the velocity of the ice, V, 
the acceleration of gravity, g, the density of the ice, p;, and a mea- 
sure of the strength of the ice, Ej, where E; has the dimensions 


FL *. (a) Based on these variables determine a suitable sèt of di- 
mensionless variables for this problem. (b) The prototype con- 
ditions of interest include an ice thickness of 12 in. and an ice 
velocity of 6 ft/s. What model ice thickness and velocity would 
be required if the length scale is to be 1/10? (c) If the model and 
prototype ice have the same density can the model ice have the 
same strength properties as that of the prototype ice? Explain. 


— - 


(Rj e-f(35, A, y, Ar fey E: ) 
Rar bab dsl Veet’ gent pes FÜS! Byske 
From the pe Theorem, Tags y Pi terms reguived , Qna a& 
dimen sional anale sis gie lds 
KR. -4 (4 la Ax) 
E, L* Ec 


(b) bor similarity, 


J 
bm s 3 or dim . 2m = 7 
d. 4 M 8 
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IMEE) = 1.408 





(C) Fer similarity J " " 
i ins Van = feu 





E 
3h L 
Thus, Pap 2 
E w^ A (Cem E = | Jon | Since im =A: and 
E A V 7 


anA model ice 


Since Am /4 = '/lo , Etm F E: | 
Cannot have Jame strength properties . Vo. 
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7.74 . Asillustrated in Video V7.9, models are commonly 
used to study the dispersion of a gaseous pollutant from an 
exhaust stack located near a building complex. Similarity re- 
quirements for the pollutant source involve the following in- 
dependent variables: the stack gas speed, V, the wind speed, 
U, the density of the atmospheric air, p, the difference in 
densities between the air and the stack gas, p — p,, the ac- 
celeration of gravity, g, the kinematic viscosity of the stack 
gas, v,, and the stack diameter, D. (a) Based on these vari- 
ables, determine a suitable set of similarity requirements for 
modeling the pollutant source. (b) For this type of model a 
typical length scale might be 1:200. If the same fluids were 
used in model and prototype, would the similarity require- 
ments be satisfied? Explain and support your answer with 
the necessary calculations. 


(@) Since Veet! ELTI piFD*p* P-gp et FUUT* 

z ix YU T A di D=L, It fellows trom the Pe 
theorem That 7-3 4 ja terms are yeguired . /- dimensional 
Gnaly sis yields X à ee E eg and fe qs a possible 

U Vs D 
set of pi terms. Thus, the E rale ments would be: 
Vn. V Vm Dm VD Vu! 2 B Rm (pA) 
Um kd Kam Us jm D, gh Fon l T a 
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m 7 m E | / 
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This result conflicts with That from The SCC al 
Similarity reguiremenE ond Therese The sirmlarity 


regusrements C?nnot be sadkished Under The stated 
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7,75 River models are used to study many different 
types of flow situations. (See, for example, Video V7.12) A 
certain small river has an average width and depth of 60 ft 
and 4 ft, respectively, and carries water at a flowrate of 700 
ft?/s. A model is to be designed based on Froude number 
similarity so that the discharge scale is 1/250. At what depth 
and flowrate would the model operate? 


For Froude 1 umber sim larity 
Vem / 
Imm = 24 


loheve L 1s some characteris Jic Length , Ana wiTh fm > 4 


Via = Jon 
y Fe 
Since the flowrate (5 (p= VA, Where A is The 


appro priate ross sectiona / frea, 
Grn Vm Am = |fe Po 


~- 
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Gnd for A proto type depth of 4A The 


Corresponding model de pin l5 


Lim (ONO) = 0.440 ft 





The Mode! flowrate is obtained trom Eso CL) 


Í 3 
QO. = xe, V 700 $ ) = 2 So T 
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7.76 | As winds blow past buildings, complex flow pat- 
terns can develop due to various factors such as flow sepa- 
ration and interactions between adjacent buildings. (See 
Video V7./3) Assume that the local gage pressure, p, at a 
particular location on a building is a function of the air den- 
sity, p, the wind speed, V, some characteristic length, €, and 
all other pertinent lengths, €, needed to characterize the 
geometry of the building or building complex. (a) Deter- 
mine a suitable set of dimensionless parameters that can be 
used to study the pressure distribution. (b) An eight-story 
building that is 100 ft tall is to be modeled in a wind tun- 
nel. If a length scale of 1:300 is to be used, how tall should 
the model building be? (c) How will a measured pressure in 
the model be related to the corresponding prototype pres- 
sure? Assume the same air density in model and prototype. 
Based on the assumed variables, does the model wind speed 
have to be equal to the prototype wind speed? Explain. 


(Q) p=f (Pv, 2 l) 
PSP" pepr r= ysit YSL Lal 
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7.77 Start with the two-dimensional conti- 
nuity equation and the Navier-Stokes equations 
(Eqs. 7.35, 7.36, and 7.37) and verify the non- 
dimensional forms of these equations (Eqs. 7.38, 
7.41, and 7.42). . 





ou + A (Eg. 7. 35) 
2 2 
P e tuber $E )- + A AL 2x) (Eg 7.36) 
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For The pressure terms ; 


2B. 2 Bp dx*. # ip 

DK "uw X J AAT 
and similarly, 

ap. te ap” 

09 R dy* 


Substitution of The various terms , txpressecl in Ferms of 
the dimensionless variables , Can be made into The origina! 


di éfevenhial ej uations ( £45. 7.357 236, enu 7.37) de 
Yield Egs. 1-38, 7:39, and 7.40. To obtain the Final 


form fer ERS. 7.41 and 792 divide each term 
by PVE. 
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7.78 A viscous fluid is contained between wide, parallel 

“plates spaced a distance h apart as shown in Fig. P7. 78.The 

, upper plate is fixed, and the bottom plate oscillates harmonically 
with a velocity amplitude U and frequency w. The differential 
equation for the velocity distribution between the plates is 


Ou u 


a Cy 





where u is the velocity, t is time, and p and pare fluid density 
and viscosity, respectively. Rewrite this equation in a suitable 
nondimensional form using /t, U, and w as reference parameters. 


s FIGURE P7,78 
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7. 74 The deflection of the cantilever beam of 
Fig. P7.79 is governed by the differential equation 


Br aE = 0 


where E is the modulus of elasticity and / is the 
moment of inertia of the beam cross section. The 
boundary conditions are y = 0 at x = 0 and 
dyldx = 0 at x = 0. (a) Rewrite the equation 
and boundary conditions in dimensionless form 
using the beam length; f, as the reference length. 

(b) Based on the results of part (a) what ar are the 
similarity requirements and the prediction equa- 
tion for a model to predict deflections? 





(a) Let y and X" + So That 
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7.80 A liquid is contained in a pipe that is 
closed at one end as shown in Fig. P7.80. initially 

. the liquid is at rest, but if the end is suddenly 
opened the liquid starts to move. Assume the 
pressure p, remains constant. The differential 
equation that describes the resulting motion of 
the liquid is 


dune Bh mue, BUS) 
P vat Ü or r or 


where v, is the velocity at any radial location, r, 
and t£ is time. Rewrite this equation in dimen- 
sionless form using the liquid density, p, the vis- 
cosity, #4, and the pipe radius, R, as reference 
parameters. 
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7.8) | Anincompressible fluid is contained be- 
tween two infinite parallel plates as illustrated in 
Fig. P7.6/. Under the influence of a harmonically 
'varying pressure gradient in the x direction, the 
fluid oscillates harmonically with a frequency o. 
The differential equation describing the fluid mo- 
tion is 
du g'u 

PS = BGS GE eum, s 
where X is the amplitude of the pressure gradient. 
Express this equation in nondimensional form us- 
ing h and w as reference parameters. 





FIGURE P7.@! 


Let y “= , £'"-4 Gnd às rn So Thal : 
Ou. 2 (4 a ^2. zdu” 
2t EF óE- f to 72 une) = hu ot* 
Ou _ 2Gwut) dy* gu*/1). gy du 
25 = mr Jy hee 2 y* z àu* 
)*« . yD, (ou 24^. gdut LL. w& du* 
"a ejut ‘ja E oe lg) h dur 


The original tinh eg uation can now be expressed as 


x 
2] ðU 
Lv repe d = 
^ ua LE 
)£* [| PAW* 











782| 


7.82 Flow from a Tank 


Objective: When the drain hole in the bottom of the tank shown in Fig. P7,82 is opened, 
the liquid will drain out at a rate which is a function of many parameters. The purpose of 
this experiment is to measure the liquid depth, h, as a function of time, 7, for two geometri- 
cally similar tanks and to learn how dimensional analysis can be of use in situations such as 
this. 


Equipment: Two geometrically similar cylindrical tanks; stop watch; thermometer; ruler. 


Experimental Procedure: Make appropriate measurements to show that the two tanks 
are geometrically similar. That is, show that the large tank is twice the size of the small tank 
(twice the height; twice the diameter; twice the hole diameter in the bottom). Fill the large 
tank with cold water of a known temperature, 7, and determine the water depth, h, in the 
tank as a function of time, t, after the drain hole is opened. Thus, obtain ^ = h(t). Note that 
t ranges from t = O when h = H (where H is the initial depth of the water), to £ = tfo then 
the tank is completely drained (h = 0). Repeat the measurements using the small tank with 
the same temperature water. To ensure geometric similarity, the initial water level in the small 
tank must be one-half of what it was in the large tank. Repeat the experiment for each tank 
with hot water. Thus you will have a total of four sets of h(t) data. 


Calculations: Assume that the depth, h, of water in the tank is a function of its initial 
depth, H, the diameter of the tank, D, the diameter of the drain hole in the bottom of the 
tank, d, the time, t, after the drain is opened, the acceleration of gravity, g, and the fluid den- 
sity, p, and viscosity, 4. Develop a suitable set of dimensionless parameters for this problem 
using H, g, and p as repeating variables. Use ¢ as the dependent parameter. For each of the 
four conditions tested, calculate the dimensionless time, tg!?/H'^, as a function of the di- 
mensionless depth, h/H. 


Graph: Ona single graph, plot the depth, h, as ordinates and time, t, as abscissas for each 
of the four sets of data. 


Results: On another graph, plot the dimensionless water depth, h/H, as a function of di- 
mensionless time, tg ^/H'^, for each of the four sets of data. Based on your results, com- 


ment on the importance of density and viscosity for your experiment and on the usefulness 
of dimensional analysis. 


Data: To proceed, print this page for reference when you work the problem and ¢lick here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 7.82: Flow froma Tank 


H for big tank, in. 
16.0 


h, tn. 


Big Tank with T = 57 deg C 


16.0 


16.0 


8.0 


Smali Tank with T = 57 deg C 


8.0 
7.0 
9.0 


0.0 

ei 
935 
18.2 
30.1 
41.4 


Small Tank with T = 20 deg C 


H for small tank, in. 


(Coat) 


= iret 


ee 


tg 


0.0 
45.2 
98.3 
166.1 

280.1 


0.0 
442 
99.8 
162.2 

281.1 


0.0 
21.5 
66.0 
126.5 
2092 
287.7 


0.0 
20.8 
69.5 

125.8 
225.9 
298.8 


h/H 


1.000 
0.750 
0.500 
0.250 
0.000 


1.000 
0.750 
0.500 
0.250 
0.000 


1.000 
0.875 
0.625 
(375 
0.125 
0.000 


1.000 
0.875 
0.625 
0.375 
0.125 
0.000 
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Problem 7.82 | 


Water depth, h, vs time, t 







—*— Big tank, T = 57 deg C 
e Big tank, T = 20deg C 
—&— Small tank, T = 57 deg C 
X Small tank, T = 20 deg C 
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Problem 7.82 
Dimensionless Depth, h/H, 
vs 
Dimensionless Time, t*(g/H)^0.5 
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——9$—— Big tank, T = 57 deg C 
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— A — Small tank, T = 57 deg C 
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7.83 Vortex Shedding from a Circular Cylinder 


Objective: Under certain conditions, the flow of fluid past a circular cylinder will pro- 
duce a Karman vortex street behind the cylinder. As shown in Fig. P7.83, this vortex street 
consists of a set of vortices (swirls) that are shed alternately from opposite sides of the cylin- 
der and then swept downstream with the fluid. The purpose of this experiment is to deter- 
mine the shedding frequency, w cycles (vortices) per second, of these vortices as a function 
of the Reynolds number, Re, and to compare the measured results with published data. 


Equipment: Water channel with an adjustable flowrate; flow meter; set of four different 
diameter cylinders; dye injection system; stopwatch. 


Experimental Procedure: Insert a cylinder of diameter D into the holder on the bot- 
tom of the water channel. Adjust the control valve and the downstream gate on the channel 
to produce the desired flowrate, Q, and velocity, V Make sure that the flow-straightening 
screens (not shown in the figure) are in place to reduce unwanted turbulence in the flowing 
water. Measure the width, b, of the channel and the depth, y, of the water in the channel so 
that the water velocity in the channel, V = Q/(by), can be determined. Carefully adjust the 
control valve on the dye injection system to inject a thin stream of dye slightly upstream of 
the cylinder. By viewing down onto the top of the water channel, observe the vortex shed- 
ding and measure the time, ż, that it takes for N vortices to be shed from the cylinder. For a 
given velocity, repeat the experiment for different diameter cylinders. Repeat the experiment 
using different velocities. Measure the water temperature so that the viscosity can be looked 
up in Table B.1. 


Calculations: For each of your data sets calculate the vortex shedding frequency, 
w = N/t, which is expressed as vortices (or cycles) per second. Also calculate the dimen- 
sionless frequency called the Strouhl number, St = wD/V, and the Reynolds number, 
Re = pVD/-. 


Graph: On a single graph, plot the vortex shedding frequency, w, as ordinates and the 
water velocity, V, as abscissas for each of the four cylinders you tested. On another graph, 
plot the Strouh] number as ordinates and the Reynolds number as abscissas for each of the 
four sets of data. 







Dye injection 


Cylinder 





| Karman vortex street 
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7.83 (cont) 


Results: On your Strouhl number verses Reynolds number graph, plot the results taken 
from the literature and shown in the following table. 


St Re 
0 <50 
0.16 100 
0.18 150 
0.19 200 
0.20 300 
0.21 400 
0.21 600 


0.21 800 


Data: To proceed, print this page for reference when you work the problem and e/ick here 
to bring up an EXCEL page with the data for this problem. 


Solution for Problem 7.83: Vortex Shedding from a Circular Cylinder 


T,degF  b,ft 
70 0.50 
Data from Literature 
Q, ft^3/s yf D, ft N ts o cycles/s V, ft/s Re St Re St 
0.036 082 0.0202 10.0 1942 0.758 0.0878 169 0.174 50 0.00 
0.036 0.82 0.0314 10.0 19.9 0.503 0.0878 263 0.180 100 0.16 
0.036 082 0.0421 10.0 245 0.408 0.0878 352 0.196 150 0.18 
0.036 0.82 0.0518 10.0 30.1 0.332 0.0878 433 0.196 200 0.19 
300 0.20 
400 0.21 
0.062 0.79 0.0202 10.0 6.3 1.587 0.1570 302 0.204 600 0.21 
0.062 0.79 0.0314 10.0 9.6 1.042 0.1570 469 0.208 800 0.21 
0.062 0.79 0.0421 10.0 1285 0.800 0.1570 629 0.215 
0.062 0.79 0.0618 10.0 1195 0.662 0.1570 774 0.219 
0.029 0.86 0.0202 10.0 19.2 0.521 0.0674 130 0.156 
0.029 0.86 0.0314 10.0 28.2 0.355 0.0674 202 0.165 
0.029 086 0.0421 10.0 85.1 0.302 0.0674 270 0.189 
0.029 0.86 0.0518 10.0 36.7 0.272 0.0674 338 0.209 
0.018 0.92 0.0202 10.0 21.2 0.321 0.0391 75 0.165 
0.018 0.92 0.0314 10.0 41.3 0.242 0.0391 117 0.194 
0.018 092 0.0421 10.0 52.2 0.192 0.0391 157 0.206 
0.018 092 0.0518 10.0 658 0.153 0.0391 193 0.203 
o = N/t 
V = Q/(by) 
St = oD/V and Re = DV/v, where 
v = 1.052E-5 ft^2/s 
/ 
(Cont ) 
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Problem 7.83 
Shedding Frequency, o, vs Velocity, V 





Problem 7.83 
Strouhl Number, St, 
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Reynolds Number, Re 
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7.84 Head Loss across a Valve 


Objective: A valve in a pipeline like that shown in Fig. P7.94 acts like a variable resis- 
tor in an electrical circuit. The amount of resistance or head loss across a valve depends on 
the amount that the valve is open. The purpose of this experiment is to determine the head 
loss characteristics of a valve by measuring the pressure drop, Ap, across the valve as a func- 
tion of flowrate, Q, and to learn how dimensional analysis can be of use in situations such 
as this. 


Equipment:  Airsupply with flow meter; valve connected to a pipe; manometer connected 
to a static pressure tap upstream of the valve; barometer; thermometer. 


Experimental Procedure: Measure the pipe diameter, D. Record the barometer read- 
ing, Hat in inches of mercury and the air temperature, T, so that the air density can be cal- 
culated by use of the perfect gas law. Completely close the valve and then open it N turns 
from its closed position. Adjust the air supply to provide the desired flowrate, Q, of air through 
the valve. Record the manometer reading, A, so that the pressure drop, Ap, across the valve 
can be determined. Repeat the measurements for various flowrates. Repeat the experiment 
for various valve settings, N, ranging from barely open to wide open. 


Calculations: For each data set calculate the average velocity in the pipe, V = Q/A, where 
A = m D/4 is the pipe area. Also calculate the pressure drop across the valve, Ap = ¥mh, 
where Ym is the specific weight of the manometer fluid. For each data set also calculate the 
loss coefficient, Ki, where the head loss is given by Aj = Ap/y = KL V?/2g and y is the 
specific weight of the flowing air. 


Graph: Ona single graph, plot the pressure drop, Ap, as ordinates and the flowrate, Q, 
as abscissas for each of the valve settings, N, tested. 


Results: On another graph, plot the loss coefficient, Ki, as a function of valve setting, N, 
for all of the data sets. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 7.84: Head Loss across a Valve 


D, in. Has, m Pg T degF 
0.81 257 70 
h, in. Q, ft^3/s Ap, lb/ft*2 


N = 2 Turns Open Data 


9.20 0.295 47.8 
6.50 0.195 33.8 
5.04 0.169 26.2 
N = 3 Turns Open Data 
9.40 0.479 48.9 
6.33 0.386 32.9 
5.01 0.341 26.1 
3.62 0.289 18.8 
1.92 0.214 10.0 
N = 4 Turns Open Data 
9.35 0.827 48.6 
7.65 0.767 39.8 
6.01 0.691 913 
4.32 0.578 225 
3.24 0.504 16.8 
2.62 0.456 13.6 
1.85 0.391 9.6 
0.98 0.283 Sal 
N = 5 Turns Open Data 
3.03 0.897 15.8 
2.87 0.799 1249 
1.79 0.701 9.3 
1.39 0.618 TD 
0.97 0.517 5.0 
0.64 0.426 3.3 
Ap 7 yH20"h 


K, = Ap/(pV*/2) where 
V = Q/A = Q/(n*D*/4) 
and 

P = Pam/ RT where 


Patm = Yng Haw = 847 Ib/ft^3*(28.7/12 ft) = 2026 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
T = 70 + 460 = 530 deg R 


Thus, p = 0.00223 slug/ft^3 


(cont ) 
1745 


V. ft/s 


65.7 
04.5 
47.2 


133.9 
107.9 
953 
80.8 
59.8 


28.7 
214.3 
193.1 
161.5 
140.8 
127.4 
109.3 
79. 


250.7 
22 3.3 
195.9 
172.7 
144.5 
119.0 


dH AHA A AAA C9) CO) C20 C20 CO 


O O AMAMA mn 


Ki 


9:95 
10.21 
10.54 


2.45 
2.54 
2.87 
2.59 
2.50 


0.816 
OTTE 
0.752 
0.772 
0.762 
0.752 
0.723 
0.731 


0.225 
0.222 
0.218 
0.217 
0.217 
0.211 





Problem 7.84 
Pressure Drop, Ap, vs Flowrate, Q 





Ap, Ib/ft^2 











0 0.2 0.4 0.6 0.8 1 
Q, ft^3/s 





Problem 7.84 
Loss Coefficient, K,, 
vs 
Number of Turns Open, N 


12 ——— 














7- 36 


^8 





7.95 Calibration of a Rotameter 


Objective: The flowrate, Q, through a rotameter can be determined from the scale read- 
ing, SR, which indicates the vertical position of the float within the tapered tube of the ro- 
tameter as shown in Fig. P7.85. Clearly, for a given scale reading, the flowrate depends on 
the density of the flowing fluid. The purpose of this experiment is to calibrate a rotameter 
so that it can be used for both water and air. 


Equipment:  Rotameter, air supply with a calibrated flow meter, water supply, weighing 
scale, stop watch, thermometer, barometer. 


Experimental Procedure: Connect the rotameter to the water supply and adjust the 
flowrate, Q, to the desired value. Record the scale reading, SR, on the rotameter and mea- 
sure the flowrate by collecting a given weight, W, of water that passes through the rotame- 
ter in a given time, ¢. Repeat for several flow rates. 

Connect the rotameter to the air supply and adjust the flowrate to the desired value as 
indicated by the flow meter. Record the scale reading on the rotameter. Repeat for several 
flowrates. Record the barometer reading, H tm in inches of mercury and the air temperature, 
T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: For the water portion of the experiment, use the weight, W, and time, 1, 
data to determine the volumetric flowrate, Q = W/yt. The equilibrium position of the float 
is a result of a balance between the fluid drag force on the float, the weight of the float, and 
the buoyant force on the float. Thus, a typical dimensionless flowrate can be written as 
Q/(d(p/Va(p; — p))'^], where d is the diameter of the float, V is the volume of the float, g 
is the acceleration of gravity, p is the fluid density, and p; is the float density. Determine this 
dimensionless flowrate for each condition tested. 


Graph: Ona single graph, plot the flowrate, Q, as ordinates and scale reading, SR, as ab- 
scissas for both the water and air data. 


Results: On another graph, plot the dimensionless flowrate as a function of scale reading 
for both the water and air data. Note that the scale reading is a percent of full scale and, 
hence, is a dimensionless quantity. Based on your results, comment on the usefulness of di- 
mensional analysis. 


Data: To proceed, print this page for reference when you work the problem and click iwere 
to bring up an EXCEL page with the data for this problem. 


w FIGURE P7.85 


(con 1.) 
7-97 


7.85 


(Cont ) 


Solution for Problem 7.85: Calibration of a Rotameter 


d, In. V. im. ^3 


1.40 1.50 
Air Flow Data ' 
SR Q, ft^3/s 
14.6 0.229 
271,5 0.321 
28.1 0.413 
33.6 0.491 
39.2 0.564 
44.8 0.644 
50.2 0.714 
55.9 0.798 
63.1 0.888 
68.6 0.973 
73.5 1.05 
76.2 1.08 
Water Flow Data 
SR W, Ib 
1341 6.52 
19:5 8.01 
24.2 7.02 
28.2 7.81 
3 A 8.20 
45.7 9.21 
52.6 8.19 


P = Pa /RT where 


Patm = Yug Ham = 847 Ib/ft^3*(29.05/12 ft) = 2050 lb/ft^2 


Pr slug/ft^3 
Teal 


t, S 
19.9 
LT 
10.4 
10.1 
8.4 
hed 
oy 


R = 1716 ft Ib/slug deg R 
T 278 + 460 = 538 deg R 


Thus, p = 0.00222 slug/ft^3 


Hag ltt 
29.05 


Q, ft^3/s 
0.0053 
0.0073 
0.0108 
0.0124 
0.0156 
0.0197 
0.0230 


(con È) 
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T, deg F 
78 


(Q/d)[o(Vg(prp))]1/2 


0.142 
0.200 
0.257 
0.305 
0.351 
0.400 
0.444 
0.496 
0.552 
0.605 
0.653 
0.671 


(Q/d)[p/(Vg(pr-p))}1/2 


0.103 
0.143 
0.213 
0.244 
0.308 
0.387 
0.453 


(Cont) 


Problem 7.85 
Flowrate, Q, vs Scale Reading, SR 


ita 
umet 





Problem 7.85 
Dimensionless Flowrate vs Scale Reading 


EM AG 


0.8 
0.7 
0.6 
0.5 





f 


0.4 
0.3 





(Qld) [pl(Vg(prp)))"” 


0.2 
0.1 
0.0 


Lahr 


8.2 Water flows through a 50-ft pipe with a 0.5-in. diameter at 
5 gal/min. What fraction of this pipe can be considered an entrance 
region? 


Based on Tables 1.3 2 1.9 
S Iaia = LIlx/07? 4 7s 


Determine Ke 


Il. tlx/07* fa 
Vs oy T CEP - Bb / 1s 
y IA 


A= 
Re = UE -- (m CU ray 2. 8l x/o* 
. X 


For turbulent Flow 
Je. 2 4L 4f (Re) 
Yo 
[A = (95/4) 4.4 (2. ¥1x/04 
be = 1.0 ft 


8.3 Rainwater runoff from a parking lot flows through 


a 3-ft-diameter pipe, completely filling it. Whether flow in 
a pipe is laminar or turbulent depends on the value of the 


Reynolds number. (See Video V8.2) Would you expect the 
flow to be laminar or turbulent? Support your answer with 
appropriate calculations. 


He = eye = yp. If Re» 4000 the flow is turbulent. The 


corresponding velocity is, 


a Xr 
y= Rey . looa 5 1. o ora f 


Most likely the velocity will be greater than this, e, turbulent flow. 





8.4 Blue/and yellow streams of paint at 60 °F (each with a den- | Green? 
sity of 1.6 slugs/ft? and a viscosity 1000 times greater than water) 
enter a pipe with an average velocity of 4 ft/s as shown in Fig. 
P8.4, Would you expect the paint to exit the pipe as green paint or 
separate streams of blue and yellow paint? Explain. Repeat the 
problem if the paint were “thinned” so that it is only 10 times 
more viscous than water. Assume the density remains the same. 





FIGURE P8.4 


If the flow is laminar the paint would exit as separate bve and 


yellow streams. 


skos (y tt) (EE 
Re = BE = evo | ae 16H (AE FU) = $5 6<2/00 


/O00//, o0 ^  |000 (2.39 x/0 5 bz) 
Thus, lamraar flow SO blve and yellow streams, 
If vse £=/04, o obtain 


Re = 4560>4000 so have turbulent flow with natural mixing and 
green paint. 
Note : Check to determine if the 25 ff length js greater than the 
entrance length 3 £ , 
For laminar {how Je -0.04 Ke, or b, =0.06 (48.6)(% H) =0.456 fl « 25fi 


For. turbulent flow k -4 fe or b, = 4«(*sso)*( je H)=2.99 ft<25 ff 


8.5 Air at 200 °F flows at standard atmospheric pressure in a pipe 
at a rate of 0.08 ib/s. Determine the minimum diameter allowed if 
the flow is to be laminar. 


VD. 
Maximum Tr for laminar flow is Re = 2/00, 


or with 
V= = fis NS D NETT 





Hence, | 
0 - 21007 ALD 
"t 4 e 


Given ðQ = 0.08 È , where {i= =90 and e 
Thos, 


(19.2 x144 2 ) di 
A. eov slogs 
xm (17/6 aos 446012 00)°R 0. 00/87 m 


SO that n e 
Q= 0.08 a Lae £ 
(32.2 pi ) (0. TT, she) a 


| Hence, with b= 4.99 xlo 7 ut ji (see Table 8. 3) Eq. C1) gives 
PTI 4 (0.00107 S88 ) (1 33) 








2100 7 JL ~ 21007 ($9? xi BS) = 3.36 fl 


7- 


(1) 
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8.6 To cool a given room it is necessary to supply 4 ft’/s of air 
through an 8-in.-diameter pipe. Approximately how long 1s the en- 
trance length in this pipe? 


y + = tin = /1,52 Thus with J/-1 57x16 fÈ (see Table 1,6 ) 
4 Vi 


vD _ 5E (RH) 


Be - P = Hs EU. = 49,800 » 4000 so the flow is turbulent. 


L57x10 * i 
Hence, 
Y% 
k = 44 Re” or 4, = 44 (48800) ft) =/7.7 fl 


$-5 


8.7 A long small-diameter tube is to be used as a viscometer by 
measuring the flowrate through the tube as a function of the pres- 
sure drop along the tube. The calibration constant, K = Q/Ap, is 


calculated by assuming the flow is laminar. Por tubes of diameter 
0.5, 1.0, and.2.0 mm, determine the maximum flowrate allowed 
(in cm/s) if the fluid is (a) 20 °C water, or (b) standard air. 


hap m f,=0 
CS ees 


£ 


Rex W where Q= VA=#D°V 


i^n 4QD 4Q DvR 
» T DY Ke 
Re = TD ^ Woy, ^ Q = p. 


Maximum Q occurs with maximum Ke for laminar flow : fie = 2/00 
Thus , Q7 lésovb 


a) For 20°C water V= 004 x10 6-7 
nt d 3 
Hence, Qmax = 1650 (1.004 xIV 0 ) D = 1,66 x0 D with Dem 


"2 
b) For standard air V= 1. "x jo? & 
2 - 3 
Hence, Omax = 1650 (1# x10 W) D = 2,4/x10 D Æ with Dom 


Thus, the following valves ara obtained: 


3 
C 
D, m Quax » s EN 

















(a) water 0.0005 8.30x,07 O,83 
0. 0010 1,.66X10° 1,66 
0. 0020 3,32 x Jo * 







| -5 
(b)ain 0.0005 i t 
0,00) 2. 41K/0 2.4.1 
0.002. 4,82 XV 10.2 





Note: fem? = 10°m? 





8.3 Carbon dioxide at 20 °C and a pressure 
of 550 kPa (abs) flows in a pipe at a rate of 0.04 
N/s. Determine the maximum diameter allowed 
if the flow is to be turbulent. 


For turbulent flow , Re = ev > 4000 f where Q =VA =V 


r 6 _#QD _ 4o 
Re p D2 = mAb 
Thus, |. 


Q 
p= 400074, JW 


Hence N l 
J : 4j. 
D= y (0.04%) (281283) Tv. 


4000 T (1,47 x/o* M3) 


= 4000 


here ge@ -004 € and 47 4*4 x18 >S, (Table 1.8) 


x (m) (+0.01 m) p (mm H,O) (+5 mm) 
8, 9 The pressure distribution measured along Q (tank exit) 520 
a straight, horizontal portion of a 50-mm-diam- 0.5 427 
eter pipe attached to a tank is shown in the table 1.0 351 
below. Approximately how long is the entrance l5 288 
length? In the fully developed portion of the flow. 2.0 236 
what is the value of the wail shear stress? 2.5 188 
3.0 145 
3.5 109 
4.0 73 
4.5 36 
5.0 (pipe exit) — 0 


The entrance length extends to the fully developed portion in 
which op = constant. Appr oximate e a 2p to obtain the following: 


From X= | fox =( 1m | Of, mm ILU x fe fio 
O —/86 
0.8 -/ 52 
1,0 -/26 
l.S -/0 4 
2.0 -96 
2-5 - B6 
-3.0 —- 72 
3.5 = ME 
40 -74 
45 -72 





Within the error on áp, the pressure gradient is constant 
for X23,m Thus, 423m. 


For X>3m j F = 72 a M9 Since | mm HO * Sy, oO m (78007) 
e Ihe» 
e - FP Ou mae sed. 704 ia 
mm M? 


Since Ap = Ly i! follows that 
ty = 2 AP = | 0.050% (rog A) - 8.934 











£ 


8.10 (See Fluids in the News article tided “Nanoscale flows,” Sec- 
tion 8.1.1.) (a) Water flows in a tube that has a diameter of 
D = 0.1 m. Détermine the Reynolds number if the average veloc- 
ity is 10 diameters per second. (b) Repeat the calculations if the 
tube is a nanoscale tube with a diameter of D = 100 nm. 

S 


_ VD p _ -4 mt 
(a)Re= > where D=Olm , V=10(0.Im)/s = 12 and V= 1.12» 2 


VS, 
os (12) (0. jm) 


= 69300 
-6 m? J 








D E - -— 
(b) Re = T. where  D- 00 nm has) = I0 ^m ; V 2 I0 (10 m)/s -16 2 
and V- H2xj6 2 
Thus 
Re = (10°F) (10""m) 


-8 
= = 8,43x10 
I.12x 10 56m lI-————— i — 
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8.12 For fully developed laminar pipe flow in a circular pipe, the 
velocity profile is given by u(r) = 2(1 — P/R?) in m/s, where R 
is the inner radius of the pipe. Assuming that the pipe diameter is 
4 cm, find the maximum and average velocities in the pipe as well 
as the volume flow rate. 


(te) = 2(1- ng) 


Based on Fo. (8-7), 
MGAXimum velocity, Vez AVS = * iu 





We Could also use the fact that the maximum 
elocity Occurs at the Centrine of the pipe, r=O 


uto) 2 a(l- Om) = ars 


Average velocity, V 
V= Vea = AA = / Ws 





Volume How pate, O 
Q=VA = (1) $0.04)" = 1.26 x 10-34% 


_——— UU taa 


$-/O 
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8.15 The wall shear stress in a fully developed 
flow portion of a 12-in.-diameter pipe carrving 
water is 1.85 lb/ft’. Determine the pressure gra- 
dient, dp/dx, where x is in the flow direction, if 
the pipe is (a) horizontal, (b) vertical with flow 
up, or (c) vertical with flow down. 


Ln general, ap — TE sin’ = ze 


Thus, with T=% al r=z and s£ = this becomes 
A =- a. z f sin 


a) For a horizontal pipe O=0 


b 
o. #85) _ y, Ib 


b) For vertical flow up O= 90° 


M -IM y 2 4(1.85 f) - 62.4 Jb =~699 [b 


ax 
and 


4T yp = 1085 fh) Ib. Ib 
ap = - B te = T. +62.4 m = 55.0 gis 


g- /i 


8.14 


8.15 


8.14 | The pressure drop needed to force water 
through a horizontal 1-in.-diameter pipe is 0.60 
psi for every 12-ft length of pipe. Determine the 


Shearstresson the pipe wall. Determine the shear 


stress at distances 0.3 and 0.5 in. away from the 
pipe wall. 


For a horizontal pipe ep-zr 2T o TE +f 


r 
Thus, 
(0. 6 x/44 Jis) - xx 
KA -F 2(12. H) = 3.6 Pu j where r~ff 
ence 


J 
db 
%, = 3.6( 28 = Q./5 p 
and with r=(0.5- MN = 0.2 n., 
E oz 
T 28.6 ( QZ ) = 0.06 $5: 0.06 fj 
Finally, with r=(0.5-05)in=Oin. =O 








8.15 Repeat Problem 8.14 if the pipe is on a 20° hill. Is the flow 
up or down the hill? Explain. 


For a pipe on a hill 94 = gyi + sino, where 9=+20° 
Assume the flow 1s uphill : O=t2 


J i 
jos. T = ZHf- ? sine] or - os hee i ~62. vl. siad] 
Tz = -— 0,295 Pe Since we must how w 20, the Flow must not 


be uphill. 
Assume the flow is down hill: 8 =-20° 


tb 
6 XI 4 vai : o 
Thus, = rales -Fsin£] or CERES +62, 2 sin20'| 
= /¥ 3r = JL. , where r^ ft. The 
Hence, with r= 
ence, wiih f= 7% flow is downhill 


= 65) = 
fy =/43( 2S) = 0.596 $ 


With r= (05 -03)in = 0.2 in., 
— 0.2 — 
T= /4,3 22) =. 0 228 23 


With r=(05-0.5)in. =O "IE aisi. 
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8.1G Water flows in a constant diameter pipe 
with the following conditions measured: At sec- 


tion (a) p, = 32.4 psi and z, = 56.8 ft; at section (b) 
(b) p, = 29.7 psi and z, = 68.2 ft. Is the flow 
from (a) to (b) or from (b) to (a)? Explain. 


(a) 


Assume the flow is uphill, Thos, B + X +2, = e uz, +h 
or with Va = V, 5 


(32.4 psi-29 7psi ja 
h, = tp iz, -4% -e S £ 42.4 fah, iag +56.9 ff - 68.2ff 
se 


or 
h, =- 5.17 ft <0, which is impossible. Thus, the flow is downhill, from (b) tola). 


*8.17 Some fluids behave as a non-Newtonian power-law fluid (b) Plot the dimensionless velocity profile u/V,, where V, is the 
characterized by r = —C(du/dr)", where n = 1,3, 5, and so centerline velocity (at r = 0), as a function of the dimension- 
on, and C is a constant. (If n = 1, the fluid is the customary less radial coordinate r/(D/2), where D is the pipe diameter. 
Newtonian fluid.) (a) For flow in a round pipe of a diameter D, Consider values of n = 1, 3, 5, and 7. 

integrate the force balance equation (Eq. 8.3) to obtain the ve- 

locity profile 


__~"_( AP | (n+ 1)/n er 
cr) (n + "ers i 2 


n 
(a) For any flvid y so that with Pu we obiain 


o - -2c(44)" oe ge. (- Cab r : 


or 
$ du = ze r^ "dr which integrates to give 


u-- (zc as p Un) +C, 5 where C, is a constant. (1) 
The fluid sticks’to the pipe so that u=O at r-2. 
Pun Írom ni " 








HL) 
- (ey ZI) (2)* 
S0 i 
nil) +i 
= ine) Tr po. (411 


* Mote : Since we are considerin p odd integer valves for 
n we sol vse the fact that 


(dz) - , where K* 0, then du E kh 


so thal P" ze. 
(b) From part(a): 
utr) = eis (3 E Gy E. ai a) 
let V. = u(r-o), = daD G£- (2 DYA ) (3) 


Note: For T = da vith de V. «O and N an , integer , to have 
t *O, wemust have rd Thus, from F9.@), V. »0 as it must. 


By dividing Eg. (2) by Ee. (3) we obtain 
(con't) 
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(con 
aH) 


"a Tgl ; 
Ve (2) 
This resvll is plotted below for n 71,3, 5 and7, with Os (2j 


An EXCEL program was vsed to do the calculations and plotting. 


n=1 n=3 n=5 n=7 
r/(D/2) u/V, uA. uv, uv. 
0 1 1 1 1 
0.05 0.998 0.982 0.973 0.967 
0.1 0.990 0.954 0.937 0.928 
0.15 0.978 0.920 0.897 0.886 
0.2 0.960 0.883 0.855 0.841 
0.25 0.938 0.843 0.811 0.795 
0.3 0.910 0.799 0.764 0.747 
0.35 0.878 0.753 0.716 0.699 
0.4 0.840 0.705 0.667 0.649 
0.45 0.798 0.655 0.616 0.599 
0.5 0.750 0.603 0.565 0.547 
0.55 0.698 0.549 0.512 0.495 
0.6 0.640 0.494 0.458 0.442 
0.65 0.578 0.437 0.404 0.389 
0.7 0.510 0.378 0.348 0.335 
0.75 0.438 0.319 0.292 0.280 
0.8 0.360 0.257 0.235 0.225 
0.85 0.278 0.195 0.177 0.170 
0.9 0.190 0.131 0.119 0.113 
0.95 0.097 0.066 0.060 0.057 
1 0.000 0.000 0.000 0.000 
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8.18 For laminar flow in a round pipe of di- 
ameter D. at what distance from the centerline 
is the actual velocity equal to the average ve- 
locity? 


For laminar flow 
a= E [I- Ki j| 
Thus, if 47 * -«[i-G ry |, 
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6.19 


8.19 Water at 20 °C flows through a horizon- 

tal I-mm-diameter tube to which are attached two 

pressure taps a distance 1 m apart. (a) What is 

the maximum pressure drop allowed if the flow pad d n 

is to be laminar? (b) Assume the manufacturing (1) (2) 
tolerance on the tube diameter is D = 1.0 + 0.1 p ——À 
mm. Given this uncertainty in the tube diameter. —. f= / m ae 


what is the maximum pressure drop allowed if it 
must be assured that the flow ts laminar? 


2 
From Table 8.2 v-4ooxló 


f= boone 3 
a) Maximem ap corresponds te maximum V, or 
Re = vp = 2100 


-4 m^ 
_ 2/00y . 2/00(lxl0*-—) _ m 
Thus, y= ui a ds 2./0 = 


For laminar flow 


gs 
" ap D^ _ 3244 by _ 32 (107 ^) (Im )(2.102) 
^"'s244 150 APF- 7 “Bi. Ne 

Thus (107m) 
J 


Ap = 6.72xjo* E, 


b) Since y= ener and aps SAEY il follows that 


Ap = nud Thus i, the larger the diameter, the 
smaller the ap allowed to maintain laminar flow 
Thus, consider D= 1.) mm = 1/x10"m, or 


_ 32 (1x10 3) (Im) (2100) (1x10) 


: n 
( 1x10 7m)? M 


4 
z5.05x/0 


8.20 Glycerin at 20 °C flows upward in a ver- 
tical 75-mm-diameter pipe with a centerline ve- 
locity of 1.0 m/s. Determine the head loss and 
pressure drop in a 10-m length of the pipe. 





p= 12604, 
A150 Xs 
For laminar flow in a pipe, 
V= average velocity = £ Yur - 2(12)- 0.5 2 P - 0m 
Thus, Bie 
Re = SYD. „ (1260 (0512 (0.075 m) OSLO Mm) — 2) < 2100 
50 —> 
The flow is laminar so that 
- At - xl Sng D* h e I 0° 
Thus, "m ( N-S m. 
Ap = SEAT +y = S2 P OOS) + (9.81'54)(1260 $4) (10m) 
= 4.66 x [0? £, , em Af = /66 kPa 
Also 


: : Ve | 
f +z, + de = £2 +2, ag th, y with V=% 22-2, =, and 
f) =fa tap this gives 


5 
À 1.66% 105 M 
h^ 4 (48.402608) Um = $93 


5) 


t- [8 


2.21 


8.21 Determine the magnitude of the velocity gradient at points 
10, 20, and 30 mm from the pipe wall for the flow in Problem 
8.20. 


For laminar flow in a round pipe 
utr)- MT) ] 





Thus, 2 
du. = BST L5. €, where rm 
Also, y = distance from wall = 2 


-F -0.0325- pr 





* 8.20 Glycerin at 20 °C flows upward in a vertical 75-mm-diameter 
pipe with a centerline velocity of 1.0 m/s. Determine the head loss 
and pressure drop in a 10-m length of the pipe. 
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8.22 A large artery in a person's body can be approximated by a 
tube of diameter 9 mm and length 0.35 m. Also assume that blood 
has a viscosity of approximately 4 x 107? N - s/m?, a specific grav- 
ity of 1.0, and that the pressure at the beginning of the artery is equiv- 
alent to 120 mm Hg. If the flow were steady (it is not) with V = 
0.2 m/s, determine the pressure at the end of the artery if it is ori- 
ented (a) vertically up (flow up) or (b) horizontal. 





V=0.2Ẹ 






2 " Y 
CAL M = Oe us +22 TÉ; , where Vix VY 
and 
AT Ugh = 133 Bs (0.120m) = 15.96 #4 


| VD .. (999 5A )(0.2 2)(0,009m) B 
Also, Re= oT = EE —450«2100 Thus the 
Flow is laminar so that 


— 64 = 6Y = 0,142 


quum ap > eS = — 


Hence, from Eg, (1), fa fi "s Y(z-z)-14 ze" 
ay For. flow vertically up j 227Z] =l so that 
A7 fi -yl - fb zoV = 15,96 kV - (291x15) (0.35m) 


m 


E 0O. 3.5 mM ut k m 4. 
LE or GO (999 A) (0.2.8) 


Or 
4, - 15.06. - 3.08 A - 0, IIo ER = 12.42 kPa 


b) For horizontal flow #/;=£2 So that 
A kN Q3s5m yı k j 
fo - fy =15.16 ra 0,142 0.009m (2)(?92?75)(022) 
= 15.96 3% - ono M, = 15.55 kf 


Note the gravitational effects are considerably more impor tant than 
viscous effects (3:43 kPa compared to Olloki). 
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g. a3 


8.23 Attime t = 0 the level of water in tank A shown in Fig. P8.23 
is 2 ft above that in tank B. Plot the elevation of the water in tank A 
as a function of time until the free surfaces i in both tanks are at the 
same elevation. Assume quasisteady c ons—that is, tlie steady 





pipe flow equations are assumed valid at any time, even though the 
flowrate does change (slowly) in time. Neglect minor losses. Note: 
Verify and use the fact that the flow is laminar. 





2 ftatz=0 


0.1-in. diameter, galvanized iron 
B FIGUR E P8.23 


Ares = f onaf Eg à where fA" f? and Y=4x0 (1) 


SR ope 
At 0, Zı”0 and Z,=h, =2 B a 1 (2) A^ Ty 
Because the tanks are the same diame ter 
A,=42 and with Zi;*4A2, Z= ho 7^2 s 
we obtain Z i = ho -Z, Ths, £o. ( A becomes 
=Z2 HH M or 22, -h - f $35 5 ! (2) 
p A, (-4 ^) = =Q=$D V , where À= Zp? with De 3f] * fank diameter 
Thus, V= -( 2Y F dz, (3) 


The maximum Re = 2" ovp occurs when the head , Z-Z, IS greatest, 

From Eq.(2) (with Z, =ho) , ho= fh Yon Van 

Assume laminar flow so that fe Xe or f= soe (4) 
Thus, trom Pet (#) 


£g. d Vix = 32:4 par -— CDs. (e(t (28) 
h,= qn m = YD ma, , Or Voces 3242 32 (2.34 X/0 S )(2sfi) 


ft 
or, _ (194 SA )(0.4628) (FALA) = 0, 462-5 
Re, Pa m 3/9 <2/00 The fow remains laminar. 


Thos, s (aye and (*) be. 
LV 
3241 
ZZ, hp = (2 a Las (5) 
let Fe z,- 4e so that 4r. = dE and Eq. (5) becomes 


oF - (32) po dE 


(conl) 
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(coni) | 

or «FE *F-0, where x= Léa (boy 

— dF mio — 

; ws dl or ad InF z- d +C, where C =constant 

fenes, la) 

F=Ce That is, Z, -h =C E with the inital condition 
z= he ‘when 1*0 , or C= he 
Thus, 2, - ho z he ona) 
or 


Z= hof) 4e-t4] Mole: As t>o, z, — Be 
For the conditions given, h= 2 fl and 


(2.34005 3) (s) [3H 
g= (62. vi) (o. rs (‘= 2.80x/0*5.s 


Hence, 


t 
z= | t e Garros) 


, where Z,^ ft and t~s 


This resull is plolled below, (Note : jin Z=] ft) 
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0.E+00 2.E+05 4.E+05 6.E+05 8.E+05 1.E+06 


t, seconds 
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8.24 A fluid flows through a horizontal O.1-in.-diameter 
pipe. When the Reynolds number is 1500, the head loss over a 
20-ft length of the pipe is 6.4 ft. Determine the fluid velocity. 


ye 
hy td $ 24 , where since Re=1500<2100 the flow 
is laminar. 


Thus, f= 6¥/Re = 64/1500 = 0,0427 so that 


2 
aH = 0.0427 —20H V 
a apt (0.1)2f4) 2(32.2 ft/s?) 


Or 
V= 2.012 


8.25 A viscous fluid flows in a 0.10-m-diameter pipe such that 
its velocity measured 0.012 m away from the pipe wall is 
0.8 m/s. If the flow is laminar, determine the centerline veloc- 


ity and the flowrate. 


For laminar flow in a pipe 


utr)- V. |I -(4-) “|, where D«O.Im and U=0.8% af 
Thus p= 217 — 6, 012m = 0.038m 


[2 (0.038m) 
0.62 =V fI- ( Q./0m (seed Or V. = = 1,894 
so that ad 
Q = ZDV- ED (est)- fem (0.5)(1.892) = 742«10 ^ - 
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8.26 Oil flows through the horizontal pipe 
shown in Fig. P8.20 under laminar conditions. All 
sections are the same diameter except one. Which 
section of the pipe (A, B, C. D, or E) is slightly 
smaller diameter than the others? Explain. 


(6) 
(7) 





20 foot 
sections 


FIGURE P8.2G 


"m 
For laminar flow in a horizonlal pipe Q- n oy , where 


Yq = Oo = Qc x: Qp = Qe " Thus F ae 2 The smallest 


diameter pipe has the largest a. where Ap-ó h | h | 


Lel a= ^F) ep j b= 4f) ea , ete. eV y 


Hence, from the data in the figure for the section between (i) and (2): 


60 - 56 Ib 
5a*5b- 5 E8, where a and b ^ #3 and y-3.. 4) 


Similarly, from (2) to(3) 
ISh+Joc= p CS 40 (2) 
from (3) to(4) (46-39) 
loc +6 d=% — TI, 
and from (4) tols) 
Id*ise = y E72 (4) 


Eqs. (1) through (4) can be written as 


Qt b = 0,06678 
Lsbt+c = 0.0833% From the problem stat emen, 4 pipes are 


c 106d- 0. 05935 the same diameter, one is smaller diameter. 
d+1.071e = 0.07748 Thus, 4 of the 5 variables (a, b, c, d, e) should 
be equal, one Jarger than the others. 


Assume a>b=c=d-e From Eg.(&) 15b +b= 0.08330 or b=0.03338 
but from Eq. (7), b +0.6b =0.0583% or bz 0.03649 
which ts not the same as that from Eq.¢a). 


Assuming b> a=€=d=e, or c>a=b=d=e, or e>a=b=c=d lead to 

Similar ‘mconséstencies. However, if we assume tag as we obtain 

from Eg (5): a= 0.0333% ; from £9.(6): the same valve of a; trom £g, (7): 
T'S! d= 0.041783 the sane Valve of d trom Eq. (8), 


(cont) 
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(con't) 


Thus, a=b=c =e and d»a. Thatss, the small pipe is pipe D. 
Mole : This resul can also be obtained as follows. From the 
given data the pressure gradient (average) between piezometer 


tube locations js as shown below. 
. (60-56)in. _ 





Given that all section have the same diameter except tor One, 
it follows (based on the different di valves ) that the diameter of 
section D is less than that of the others. 


8.2 7 


8.2] Asphalt at 120 °F, considered to be a 
Newtonian fluid with a viscosity 80,000 times that 
of water and a specific gravity of 1.09, flows through 
a pipe of diameter 2.0 in. If the pressure gradient 
is 1.6 psi/ft determine the flowrate assuming the 
pipe is (a) horizontal; (b) vertical with flow up. 


| z ojn 
If the flow is laminar, then Q = Wag page sis) (1) 
whare. Y 960, o= 1.09 (62.44%) = 68.015, 
and Ibes 


-5 lb's 
JL BO, 000 lty g = Bx10% (LIGEKIO™® “Fx ) 70931 rs 


a) For horizontal flow, 9-0 
Thus, from Eq.C) 
Q E m (xii he (E ay E PE E 
|28 (0.931 BENIM). LL T. 
b) For vertical flow up, 0-90 
Thus, from Eg. 


(46x44 fa- COB MBH _ m 
= "ne(ossi BE) (f) S d 


Note: We must check jo see if our assumption of laminar flow is correct. 
Since V= $ - IUE = 0,218 if il follows that 


T(E) 
lv 2 
Re = ev _ 1.09(1,94 Nois) (s LU ogedi 
0.931 —a 


a EN 
The flow is laminar. 


B-AG 
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85.438 Oil of SG = 0.87 and akinematic viscosity v = 2.2 X 
1074 m?/s flows through the vertical pipe shown in Fig. P8.28 
at a rate of 4 X 107 * m?/s. Detennine the manometer reading, 






fam 


FIGURE P8.23 


-4 m? 
V= Q PL L nil -/427-44 so that 


_ fl. 272) (0.02m) 


The flow is aed with 


J 
q- ree or Ap = f, f2 = m m - e 


Hence, with = S6 o = 0, 87 (4. g| 4X N= 8.53 — a and 


p-Vyp- hice meee g7X1000 54) =0./4) 177 


Eq, (1) gives A 
z yx" 
AP = ina te mat imn et -(8.53 KE) (ym (10 Ah) 
Tap = 437 xjo* b, = 43.7 5M (2) 


From manometer considerations w 
p, * Y h, -nh +h, = fo , where Yn = SGo = 13281 ms) =12.74 kls 
7) and h,=h- hi, or hath, = hth 
US, 
Apr Af 2h (hat hy) + Ugh =(G,- Oh - YE (3) 


Combine E (2)and (3) to give 
43.7 ET E = (12.74 - 8. 53) I^ K h- (8.53 PS) (4 m) 


or 
h= 18.5 m 
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8.49 Determine the manometer reading, h, for Problem 8.2.8 
if the flow is up rather than down the pipe. Note: The manometer 
reading will be reversed. 





fam 


FIGURE P8.29 


V- 3 X(ocamy 277 SO that 


- VD VD _(127Ẹ)(0.02m) 
Ke v hx Y  22Xxl6 m 


The flow is laminar. with 
E ¢ 
Q = 2,77; mal - Ap =p -p= BEMS Q "| (1) 


Hence, with Y SG dj, = 0.87(28 | jj i. m Ki and 


= {15 <2/00 


JL 7 Vp Z6 Bro = (2. 25,5 * 2 (o; 87) 100058 5) 20/21 XS 
Ee. (1) gives 
3 
_ 128 (0.191 ES )up)yuxii 2 N > 
^ - 120 (ost ak emp E) *(8. S378 kM) 6) (10) 
Ap LIE xjoS S = 111.9 HS (2) 


From manometer considerations 
f, Th t h~ She =f, where Vy = S6, Ypo =13(9.81 45) =/2..74 MI 


and h, =Lth-h, or h,* ^ - ph 
/ hus, 
fof Apo Sbhath )- nh = -ln Sh +08 (3) 
Combine Egs. (2) and (3) to give 


11.8 ix = -(12. 74 — 8.53) "8 A CO 53 E d fj) 
or 


hz E 18.5 m (2). 





Note: Since h<o the manometer is displaced 
in the direction opposite that shown in the vw). 
original figure. 
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8.30 Aliquid with SG = 0.96, 4 = 92 x 10 *N - s/m?, and va- | 
por pressure p, = 1.2 X 10* N/m'(abs) i is drawn into the syringe 

as is indicated in Fig. P8.30. What is the maximum flowrate if cav- 
itation is not to occur in the syringe? 









10-mm-diameter 


0.12 m 
0.25-mm-diameter 
0.10-m-long eedle 


“= ow = R “= 
oo 


Patm = 101 kPa (abs) 


SFIGURE P8.30 


4 ^as be YE g *72 +4 EKG P where f} I0! kPa 


V = 0 , £2 = 0,/2m, The maximum flowrate will OCCU when f AS 
the minimum allowed : f = fy = 12x10" N, 


Thos, Vi 
v e e+ x or +22 (0E +h, Lentranc 729.4 29 j (1) 


Where. y . VA - -y(2 2 y. V( -2222Y = 0.000625 V Thus, Vo 
and £q.) Become 


0.96 (4. Lae ) 
or 


122 » (267f11)V* 
Assume i bearers of the small diameter ) that the Flow is laminar. 
Th US , f= $* =r 


(22x10 * 5) «eU. 


= Salaa) V(0.25x10°m) 


as from E. (2) 
122 = (267 95 )y^ or 122V2(65.74V)V" 


Thos, P 
V +65.7 V-122 =O P which has solutions 
-65.7446574 
VE A ARL = A8/ =, or -6752 (neglect the V<0 
roo 


e, =0, 


3 


ef | 
= 042m "(05m aasxatm) OS +!) 579 sim 


(2) 


Hence, 
Q=AY= Z(o.2sxl6?m) (1.8/2) = 8.88xI0 g' ^45. 
Check il laminar flow: = 


ka m -3 
Re m o% -= 0.98 (9995 )(181€ )(0.2.5 x10 m) -472 £2100 (laminar) 
y 
9.2 x107" IES 
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8.32 For oil (SG = 0.86, æ = 0.025 Ns/m?) flow of 0.3 m/s 
through a round pipe with diameter of 500 mm, determine the 
Reynolds number. Is the flow laminar or turbulent? 


SG = Sfo a O. 86 
fau = 0.86 (Pazo) = 0.86 (999) = 859 ^s 


V= G/A = O Hea = 1.53 "ls 
Re - 25 - (652)(/.53)00-5) |. 63 x1 


0.02S 
Dased on hë Chifer ion thot Ke < 2/00 
represents laminar flou, this Flow 
iS turbulent. 
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8.33 For air at a pressure of 200 kPa (abs) and temperature of 
15 °C,determine the maximum laminar volume flowrate for flow 
through a 2.0-cm-diameter tube. 


For laminar flow, the maximum fre. value (s R/O 


Ke = "ab 2100 
V= g/oo4 . 
To Md air density, make use of ideal ge law 
p KT of p: PAT 
es)  . 242 4,3 


án (2163027345) — 


Viscosity has little vyariabon with ressure , So (C i5 
feas orke to assume the Use of the standard value. 
for air, Jc T0 

2100 (1.79x0"5) an p mle 
V= (aya) (0.02) Z 


Ma Xx MUM laminen v ol ame. flowrate 


Q = VA = (0.7%) (2 omar) 


Q=2.4x/0-4 "7s 
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8.34 Show that the power law approximation 
for the velocity profile in turbulent pipe flow (Eq. 
8.31) cannot be accurate at the centerline or at 
the pipe wall because the velocity gradients at 
these locations are not correct. Explain. 








Or — l-n 
E =-M jg C7? Thus, da} =- Ve, but by symmetry il must 
ú = r= be zero 
di| __ Vo ( = ) : -h 
Also, t^] = —e{I-i] ^ =- since (452) «0 for n>! 
ai Physically, the velocity gradient must be finde. 
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8.55 As shown in Video V89 and Fig. P8.35 the velocity 
profile for laminar flow in a pipe is quite different from that for 1.0 
turbulent flow. With laminar flow the velocity profile is para- 
bolic; with turbulent flow at Re = 10,000 the velocity profile 
can be approximated by the power-law profile shown in the fig- r 
ure. (a) For laminar flow, determine at what radial loaction you ^ 
would place a Pitot tube if it is to measure the average veloc- 

ity in the pipe. (b) Repeat part (a) for turbulent flow with 
Re = 10,000. 


Turbulent with Re = 10,000 


v Pp 4 








Laminar with Re « 2100 
0.5 


m FIGURE P8.35 
For laminar or turbulent flow, 
Q=AV=TR V= (uda - (u(nrdr) - anf ur dr 
a) Laminar flow: "n. , 
TR V = 2m (rI-(KY Mr -2r 48- $] - 73 
Thus, V-z V. * Fer u=Ve Me the equation for 7 QIVes 
V -z-1-(R), or (K) =z Thus, reg R e oe 


b) Turbulent flow R : | , 
ney = zm, fr[i- &] de = omi. (LEN aR) 
Ü 0 
Let yel-(&) so that (&) =1-y and d&)=- 
Thus, y=0 
TREY = 2n" V f4- y) y 5 (ody) = 2TR V L(y ar 


= 2mR°V [$ - =] = 207 Ve (FF) 
or V= 22 V, For U=V = Se the equation for ZZ gives 


Vs 
4 = -D-x] m E = 0,750 so that r = 0,750 R 
C h —— 


$722 
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8.36 The kinetic energy coefficient, a, is de- 
fined in Eq. 5.86. Show that its value for a power- 
law turbulent velocity profile (Eq. 8.31) is given 
by a = (n + 1y(2n + 1)/[An'(n + 3)(2n + 3)]. 


dA 


e. 
Fr om Eq, 5.86, X= nie where V= average velocity, A =TR? 


d 7 = a E From Example 8.4, V= EIE (Q) 
Thus, with dA* 27Tr dp — 


it A SUT where Si df= Hid- EY T -27R V e (Dr ydy 
ae eu Pau y=0 a) 
lel X= "S so that y= Pi and dy e-d 


X = 








Hence, 
Sp yf y dy --(x*- -x)dx Jie 
Xel B 
+3 2n+3 = 
m n A 
= h+3 4 ^ 2ni3 X 
Thus, l - i 
E: [i-y]4 TR Jnieus (2) 
Foon Eos. (0), (1), and ay 
az aT RŽ v7 CIEV ETE = (ney (2041 
dd r1] — Anf (43) (033) 
(nti) (iil) Á 
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8.38 Determine the thickness of the viscous sublayer in a 
smooth 8-in.-diameter pipe if the Reynolds number is 25,000. 


D 

s= SE where uU? (DF) ond t F. Sie ap =the 
we obtain n= and u*- H V 

Thos, 


“TEV yr" 5 RIE a 
8 


From Fig. 8.20, tor a smooth pipe with Re = 2.5 x10" f= 0,024 

Thus, from £9. (1) 
Zw 58 (Et) 
S 


= Pipe = 0,00243 H 
2,5xX10 10.024 —MÓM 
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8.39 Water at 60 °F flows through a 6-in.-di- 
ameter pipe with an average velocity of 15 ft/s. 
Approximately what is the height of the largest 
roughness element allowed if this pipe is to be 
classified as smooth? 


Let h=rovghness height. Thus, h=é,, where in =% 


with u - (Rt and 7 = oH Since ap - (4 ZEV? we obtain 


2 
w7 ey or uf =/£ V , 
(& 
For a smooth pipe with Re= Y) = C7 D) SAIO we obbin 
from Fig. 8.20 f=0,0125 ee Ss 
4 
Thes, ut = (2225 (15 Ë) 20,593 € 
orc £y 5 (121x10°£) 


-4 
i> A 0.593 E = /,02x/0 f} 
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8.41 A person with no experience in fluid mechanics wants to esti- 
mate the friction factor for 1-in.-diameter galvanized iron pipe at a 
Reynolds number of 8,000. They stumble across the simple equation 
of f = 64/Re and use this to calculate the friction factor. Explain the 
problem with this approach and estimate their error. 


For fe = $000 under standard Cond it oAS , ehe. 
Pepe Flow will be turbulent. 


£- laminar 
Fe em. = 64/9500 = Jx 0-4 


f - turbulent 


for galvinized iron pipe, £*O. DOOS ft 
So, W= E; 75 = 6x /073 


Making use. of the Moody Chart 
f= 0.04 


The error S i^ qeu» the laminar egua fion 
to Calculate the Srichon factor whey the 
Flow js turbulent. 


AN = turbulent = 0.07 = 5 


—— 


. 0,008 
T laminar laminar 


That is | the friction factor is 5 time greater 
than if the flow were laminar. 


"a 


A 


8.42 Water flows through a horizontal plastic pipe with a diameter 
of 0.2 m at a velocity of 10 cm/s. Determine the pressure drop per 
meter of pipe using the Moody chart 


The P REIHE drop in the pipe Can be Found 
From 

AP =f § AE 
The friction factor is dekrmned from the 
Moody Chart. 

fle > PD - (¥49)(0.1) (0.8) -J 8x10" 


/-ia x/07? 
For plastic pipe, £70.0mm 
GP = 2a 20.0 
From the Mocd y Chart 
f= 0.026 
Se AP oen meter (L=1m) 


z ! 179 (0.1) ^ 
AP (0.026)( ata )[ TON 
Ape O.649 Po per /à e dcr 
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8.43 For Problem 8.42, calculate the power lost to the friction per 
meter of pipe. 


AP - 0.649Pa per meter of pipe V « 0,Im/s, D=0.2m 


Based on eouahons in Ch.S, Power 
Can be found From 


F = (AP)6. ] 
Q=VA =00.15 CE (0.217) = S, x07? 775 


P= (0.649) (3. | x07] = 2.04x/032N m/s = 2.0410 ^W 
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8.44 Oil (SG = 0,9), with a kinematic viscosity of 0.007 ft/s, flows 
in a 3-in.-diameter pipe at 0.01 ft/s. Detemmine the head loss per unit 
length of this flow. 


h. -Fé Č Where L= 1 Ft 

for per unit length of Pipe, 
Determine frichon facto c basecl on Be d kA» 
Q=0.0| = VA 
V E es ~ O. W Ys 


J'^,^2X2 

3 (F) 

. VD.. O.20( 7). — 
Ub SB = a = 2.4 


Since he IS below Z100, the Flow IS laminar 
The fric f2on factor Can be determines from 
F= Ye = Yzy = £T 


h, = ( £36) p; Gs = po? | 
per Ft of pipe 
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8.45 Water flows through a 6-in.-diameter horizontal pipe at a rate 
of 2.0 cfs and a pressure drop of 4.2 psi per 100 ft of pipe. Deter- 
mine the friction factor. 


For a horizontal pipe NP ESA 


Where V= S- aoti- = /0.2 ^ 
T (SA) 





Thus, 


A a DA rn. a (G ft [4.3.14 4E.) E 
i; V* (1342 ) (100 pe) (Io. 245)" -Q.030€ 
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8.46 Water flows downward through a verti- D =0.01m 
cal 10-mm-diameter galvanized iron pipe with an 
average velocity of 5.0 m/s and exits as a free jet. 
There is a small hole in the pipe 4 m above the 
outlet. Will water leak out of the pipe through 
this hole, or will air enter into the pipe through 
the hole? Repeat the problem if the average ve- 
locity is 0.5 m/s. 


4. Y ez, = Í 4. Enti, where f7 -0, 2270, 


Z,= 4M, y= -V. Thus, 


ü- FÉL “2, ,07 P= tS : zeVv'- JL With £ from Tablet, 1 
Ins s 
D "4 — = 0.018. so that with Re g VD . SATR Lee oie) = 4HSKI0" 


LILX/ 
we obtain 1- 0.045 (see Fig, 8.20). u 
Thus, from Ee. (1) 
A= 0.045 (~+™ Am.) \4(999 Ky (s my — - $8003. (4m) = 1.B6x10° 4 








Since ,>9, water will leak out of the pipe when V=52 


If V=0.5-2 then Re= Y“HEKIO and [70.052 
Thus, from M lI) 


p, = 0.052 Ey )2(429 72 L (0.54) - 98002, (4m)= - 3.46 x10 





Since 4-0, air will enter the pipe when V=0.5 8 
Note: The above conclusion is valid regard less of the leng th, f. 
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8.47 Air at standard conditions flows through an 8-in.- 
diameter, 14.6 ft-long, straight duct with the velocity versus 
pressure drop data indicated in the following table. Determine 
the average friction factor over this range of data. 





V ((t/min) Ap (in. water) 


39 50 0.35 
3730 0.32 
3610 0.30 
3430 0.27 
3280 0.24 
3000 0.20 
2700 0.16 





2 y? 
da Maz = Br Bez FE], where Wee, apu ofa 27% 
Th -fiigv^ of F- 2262 -4 
VS, ^p = IZ pV O f= Te where Ap Wo h 


r 
f = 2 GE FO( REA) , —7/8X 08-2, F where hei. of water, 
(0,00238 SUE) (14,641) (£E y~ it 


Calculated valves are given below: 


V, fUmin h, in. water f 
3950 0.35 0.0161 
3730 0.32 0.0165 
3610 0.30 0.0165 
E. E Du The average valve of f is 
3000 0.20 0.0160 
2700 0.16 0.0158 f = 0,0/62 
Averagef= 0.0162 ve = 
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8.48 Water flows through a horizontal 60-mm- 


: iet D -0.06m 
diameter galvanized iron pipe at a rate of 0.02 
m?/s. If the pressure drop is 135 kPa per 10 m of 
pipe, do you think this pipe is (a) a new pipe, (b) (1) L -Jom V (2) 
an old pipe with a somewhat increased roughness 5 

due to aging, or (c) a very old pipe that is partially f) "fh -/35 kPa 

clogged by deposits? Justify your answer. 


For the horizontal pipe (Z, = Z2) with V = V2 the energy equation 
b+ lr az = fei zx red / = =f44 y* 
22 / 29 D 24 ces to ØP; f = 2 


d 3 lom 2 
135x10 93 = f ooóm £ (99228) (2022), or {= 0.032.« 
m 
0.02. =~ 
where we have vsed V= g = 2 = 7.072 
4r (0.067) 


_ VD. (7075 )(0.06m) ze 5 € 0.15 mm -3 
With re = TE LI2xI0 E = 3.79x/0? and D = —ma ^ ^^*0 
for a new galvanized iron pipe (see Table 8.1) the friction factor 
should be (see Fig. 8.20) f=0.0255. Since this is less than the 


actual value {= 0.032% the pipe is nol a new pipe. 
With Re = 3.79K10° and f= 0.032% we obtain from Fig. 8.20 a 
relative rovglness of % = 0.006. This is approxima ely fwice 


the roughness of a new pipe — certainly quite possible. A very 
old partially clogged pipe wold have considerably greater head 


loss. Thus, the pipe is an old pipe with somewhat increased roughness. 





$- y 


8.44 


8.44 Water flows at a rate of 10 gallons per minute tn a 
new horizontal O.75-in.-diameter galvanized iron pipe. Deter- 
mine the pressure gradient, Ap/€, along the pipe. 


| min 23/ ip: ) [gal p 
Q = o 2s 60s ar )(4 "AT J ERTA s) -0.0223 = a 
" 


0.0223 ÍT 
V= ridi- Z(E * = 727 Ë 


Now, fora horizontal pipe 
Ap = 1$ rev where since 


t (0.75 
z VD = 7.27 (275 f}) $ 
Re m "ant dm = 3,76X/0 


and 

€ _ 0.0005} 

Dp (27544) = 0.008 

it follows from Fig. 8.20 fhat f= 0.037 


Thos, 


EE 20,037 (1.29 5lugs /f4) (227 fl/s). - 30% 4 k (toe HH 
(92511) (2) J 5 (44 T in*) 
7 


0.211 psi/fl 


n 
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8.50 Two equal length, horizontal pipes, one with a diameter of 
l in., the other with a diameter of 2 in., are made of the same ma- 

terial and carry the same fluid at the same flow rate. Which pipe 
produces the larger head loss? Justify your answer. 


For either pipe h,= tf Y where V=Q/A = Q/(Z 0?) 
^ 
- Hear moi] Ag = a b as 


r 2 

ais Jn 
h, a; DS (1) 
Let ( ), and ( } denote the lin. and2in. diameter pipes, respectively. 
Thus with Q, =Q, and ad, ; Fa. (1) gives 
hi: (A/D) (t 5 (Bh \ 2m 
hi i (fez D. =) = (4 )(% 2) = + ) (FE) 


/ 
u.s h 
wn 
Althoug h f, 4f (becavse Re, £ Rez and £/D, + &/D2) the 
ratio oe, wovld not be significantly different than 1, 
especially compared to the factor of 32 in £g. (2), For example 
assume Re, = 19,000 and &/D, = 0-00 sothat £=0.083 (see Fig. 8.20), 
Thus, Mos 
Re- VD/v -(G/Zb^)D/z = ze B 70 it follows that if Re,=10 000 
then Re, = 5,000 and €/d, = 0.0005 if Ef), =0.00]. Hepce, 
f, = 0.03750 that h, /h, = 32 (0.033/0.037) 2 28,5 =>, 
Similar results would be trve for oiher Re £/D valves. 


Thus, h,, / My, = 32 (f, / t. ) i, The smaller pipe has the 
larger head loss . 


(2) 
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8.52 Blood (assume y = 4.5 x 1075 Ib-s/ft’, 
SG = 1.0) flows through an artery in the neck of 
a giraffe from its heart to its head at a rate of 
2.5 x 107 ft/s. Assume the length is 10 ft and 
the diameter is 0.20 in. If the pressure at the 
beginning of the artery (outlet of the heart) is lott 
equivalent to 0.70 ft Hg, determine the pressure 
at the end of the artery when the head is (a) 8 ft O, 20 in. 
above the heart, or (b) 6 ft below the heart. As- 
sume steady flow. How much of this pressure 
difference is due to elevation effects, and how 
much is due to frictional effects? 


£ My 2, = Pi zo Eds, where V," -V a) 


- 4 f]? 
=m = Gras = /,/46 # Thus, Re = L or 


oy shes) (1.46 
Re = d C 2 Ts bs ee =823 Hence , the flow is laminar with 


64 
f= a = 823 = 0.0778 
Also, P, - dg h =(847 1) (0.701) = sos 1. 


Hence, trom £g.C) 
p= p, -T(z,-2)- 1 


a) With zz E = Ə8ff, 
fr, = 523 a S (62.7 18, ) (BF) - 0.0778 laan ( (4) (1.98 35 aE ys Ey 


(2) 








= 593 fe, - 499 db, -525 db = 35.515, 
Mote -497 1. is due to elevation 50.5 js dve to triction. 
b) With +4 = -6ff, 
Pa = 593%, (62.4 fh)(-6H) - 0.0778 (Een 12 GO 19 a SMS) ( 114g Ht)? 


= 5938 4 974 fi - 5251 = 908 k 


5 








Note: 374. S. is due to elevation ni 5251 is due fo friction. 
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8.53 A 40-m-long, 12-mm-diameter pipe with a friction factor of 
0.020 is used to siphon 30 °C water from a tank as shown in Fig. 
P8.53. Determine the mawimum value of h allowed if there is to be 
no cavitation within the hose. Neglect minor losses. P 






The minimum pressure is the Vapor pressure Py = 4273 kPa (abs) Takle 8.2), 
Assume the minimum pressure ts at the fop of the hose: £f. We will 
check this assumption aller we obtain h. 

Thos, "a ay 

4p ded EE, were a ot z =ar 
Z= 75, V, 20, i-V, and f - «293 kPa (abs). bts with f=0.02 
(101~ 4 243) 4M, 2 [0m 
M T m i3me7m «(I +0, (oona) zs x 
or 

V=2, 562 . 

Obtain h from i 

grs = be + E +z, +f X 5, where 4.29, 5 Geto dst? 

z,7 -h, and L= Vom, That is, with fy=fa=0 


"m 40m (2.56 2) _ 
h +1 + eoa ( 0m fasi, 10r h* 16m 





Check if sii pressure occurs at (3). Consider point (4). 


From fi + Ve 2 ez, = be Ve $ BE with 4,70, f" Vol 
we P d YN 
Pa =ð (Z - fEtov? Tf we vse Z,=0, then 20m 
from the figure * = £e PT , Or £9 41282, B 
Thus, h+7 = 26.6m L 
fy = 7.8054 Cz.) (0.02) ora a A fy/p sgn) L (2) 


or 
A -9.90xio + 6. 15x] Zy = -3650 Zy 

Thus, fy decreases as Zy increases. That is, the Pitimum pressure 
ocwrs al section (3 as assumed. 
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8.5 4 Gasoline flows in a smooth pipe of 40- 
mm diameter at a rate of 0.001 m?/s. If it were 
possible to prevent turbulence from occurring, 
what would be the ratio of the head loss for the 
actual turbulent flow compared to that if it were 
laminar flow? 


Lel ( ), denote the turbulent flow Fi, ( 2 the laminar. flaw. 


jiri hy * n and hy = 45% (I) 
P Ve WWM-uz EE v = 0,796 2 


From a 46 p= i. and p= 3./x/0 * 3. so that 
ks m. 

Re = £X - (680 Lhd )(0. 044m) ~6.98X/0" 
3,/x10" à 


Hence, from Fig. 8. 20, fo Q pannel pipe Ó = 0,0/92 

while for laminar ow f = = pete - 9A 
fe 4 

Thus, trom Ee. (I) di onion 


LS _ h _ 0.0142 


h, ip 9/8 XI07 OEIL 


bea? 


8.55 <A 3-ft-diameter duct is used to carry 
ventilating air into a vehicular tunnel at a rate of 
9000 ft?/min. Tests show that the pressure drop 
is 1.5 in. of water per 1500 ft of duct. What is the 
approximate size of the equivalent roughness of 
the surface of the duct? 


iu £X S nio where Z2, | =V , and (1) 


dd d, oh "(£2 09) (42 > ft) = 7.80 b 


Alo, ya = Oana AE) o 
Thos, from £e, (I) Af -[44À zpV* or 


EE Y. 2Gfnz8og) 
p PLV* (238x10 SI ysooftya,2 T. ~ d—— 


,2 8) (3 
From Fig, 8.20 with f=0.0292 and Re= 77 VP x - GA DOR o posnt 


we obtain £ = 0,0044 Thus, €= 0.0044 (3fi) = O. 0132 fi 


8.57 An optional method of stating minor losses from pipe com- 
ponents is to express the loss in terms of equivalent length; the 
head loss from the component is quoted as the length of straight pipe 
with the same diameter that would generate an equivalent loss. De- 
velop an equation for the equivalent length, €q. 


E oui = Ky Va 
. pA v? 
Aj not 5 AD /aq 
The me feageh from the major oss 


Can be ased to pepresent the eyuivalent 
length, Leg. 


Fe Vo = K, "Zag 
f 4 = Kv 





£4 


0.58 


For Copper prpe (drawn tubing), 


8.58 Given 90° threaded elbows used in conjunciion with copper 
pipe (drawn tubing) of 0.75-in. diameter, convert the loss for a sin- 
gle elbow to equivalent length of copper pipe for wholly turbulent 






flow. 


-K.D 
ar 


For W° threaded elbow, Ki=/-5 
& 0.000005 ft 


b (27a) 
From Moody chart (wholly turbuleat flow) 


f= O.OII5 


= Loea) 8.15 ft 


olls 





So 
€ | 0.000009 . 3x/075 














-SR 


8.59 Based on Problem 8.57, develop a graph to predict equiva- 
lent length, l.a as a function of pipe diameter for a 45° threaded 
elbow connecting copper piping (drawn tubing) for wholly turbu- 


lent flow. 
- Kld 
hea = "3 


For */5^ threaded elbow, A, - Q, 4 
For copper tubing (draun tubing), E= 0.0015 mm 
To calculate £ , USE altemate form 


X .. €/p MV. G. 
25 ^. |. 8 Log] (LP T e 


For Wh of | turbulrt Flow, Qs Sume fe x 8x07 
This is large enovgh Re 1o make f essentially independent 
of Re (see Moody chart, Fro, 6,29). 

D(mm) e/D f | eq (mm) 


30 0.00005 0.010602 1131.8 
15 0.0001 0.012025 499.0 


3.79 0.0004 0.015932 94.2 
is 0.001 0.019678 30.5 
0.375 0.004 0.028474 33 
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8.GOA regular 90? threaded elbow is used to connect two 
straight portions of 4-in.-diameter galvanized iron pipe. (a) If 
the flow is assumed to be wholly turbulent, determine the equiv- 
alent length of straight pipe for this elbow. (b) Does a pipe fit- 
ting such as this elbow have a significant or negligible effect 
on the flow? Explain. 


(a) h,= K. a5 where from Table 82 K,= 1.5 for a 90° 
Ale threaded elbow. 
0, 


e = Ae where from Table 6.] E= 0.0005 f for a 
galvanized iron pipe. Thvs, with 

Eh = 0.0005 f1/(4/12)H = 0.0015 and a very 

large Reynolds number (c.e. wholly turbulent flow) 

it follows from Fig. 8.20 that f2 0,021. 





Thus 
* y 12)11. 
M." T 5 = 25.811 


(b) In general h, = T. + fox =(K.+45)25 
or 2 
h-t ds | d since K,= EL. 
Thus, whether or nol a pipe filling such as this elbow has a 
signiticant effect on the flow depends on the relative size ot 


eg (223.8911 for this case)and the pipe length, L Jf Leg e} 
then the Fitina is negligible. 


| 8.Gl 


Flow reducer washer 






8.Gl To conserve water and energy. a “flow 
reducer” is installed in the shower head as shown 
in Fig. P8. 61 If the pressure at point (1) remains 
constant and all losses except for that in the “flow o 
reducer" are neglected, determine the value of 
the loss coefficient (based on the velocity in the 
pipe) of the “flow reducer” if its presence is to 
reduce the flowrate by a factor of 2. Neglect grav- 


ity. FIGURE P8. G| 


50 holes of 
diameter 0.05 in. 


^ 
A \ 


2 2 
Wile! the reducer Biti +2, - De +2842, , where f= 0, 2,22 
an 

eo ee, er v. 
aie (WU. 7 (254) = 733Q 


Q _ 3 
Va" Aa” some gy 7/678. (V and V^ and Q) 
Thus; g = V2- V+) = + ol 146R- 733Q* )=B.07x10PQ* B,D 
fi = £e -V)»-ze( pn o da Tog 
With the flow reducer the flowrate is reduced by a factor of two. 


Thus, V, = (7330) and Vo= £ (178) with (2) 


Hence, by combing Eqs. (!), (22, and (3) we obtain 
8.07x100Q" = to] (MEQ) « (.- (32 q) | 


Or 
K, = 9.00 
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$.62 Water flows at a rate of 0.040 m?/s in a 0.12-m- 
diameter pipe that contains a sudden contraction to a 0.06-m- 
diameter pipe. Determine the pressure drop across the contrac- 
tion section. How much of this pressure difference is due to 
losses and how much is due to kinetic energy changes? 





fi 4 gu fe iu Lez, +h, % 


3 
0. poe, = m -Q = Fae i 
Thus, Mw p». (Qa. 0.2.5 we ve obtain trom Fig. 8.30 
K,= 0. 40 

Hence, from Eq, (I) 


m fa 7 2 ze KV, + MY | -24(999 * & o. 40 (ma. Ý + (/4, jay -(3. se 


S where 2, = Z2 a) 


p- f2= 24 35/0 DS + 930xj0? D, = 133 kPa 


This represents a 34.7 kPa drop from losses and a 43.0 kPa drop 
dve to an increase jn kinetic energy. 


8.64 


8.24 (See “New hi-tech fountains,” Section 8.5.) The foun- 
tain shown in Fig. P8.G4 is designed to provide a stream of 
water that rises h = 10 rt toh = 20 ft above the nozzle exit in 
a periodic fashion. To do this the water from the pool enters a 
pump, passes through a pressure regulator that maintains a con- 
stant pressure ahead of the flow control valve. The valve is elec- 
tronically adjusted to provide the desired water height. With 
h = 10 ft the loss coefficient for the valve is K; = 50. Deter- 
mine the valve loss coefficient needed for h = 20 ft. All losses 
except for the flow control valve are negligible. The area of the 
pipe is 5 times the area of the exit nozzle. 





Pressure regulator 
BFIGURE P& 61% 


For any p" ak 


£z + zh Mh, = iid where Z,-0 z,- h**fl, 0-0 4-0, 
Thos, and h,- KV 


f = Fg (1) 


For p= 10tl: A 
f- 2 7H = (Jott +44) +(50- INE. d (2) 


Also from (3) to (2): 

fe Ez, 5 = fe 12,18 : where fo, 7,70, Za- 2,7 h, and V,=0 

ral 

23 4 zh or = 22h (3) 


so i hett, V, aud AA -254Íi 

Also, VA, = VA so that Vf = = By, = - (62) = = £oplt 
Hence, Eq, (2) gives 

f- Jatt +49 (5.08 BY/ (2 (22.2 3)) = 33,6 fl 

For h 7 20fl, from Eg, (3: V, = yGX322 Et )2eH) = 35.9 ft 
Hence, V, 7 3M =(3) yassH)- 748 B 


Since f is i! (independenl of h), the valve fi = 33.6 Ħ oblained above for 
h=/ott is also valid forh=20ft. Thus, with z, z h* fl 2ofli A = 24H Ep Ois: 


33.614 (218 Y /[2(222 fU&?)) K, (200 Y ( 232.2 Hls) = 24 HH 
or 
K= 13.0 
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*8.65 Water flows from a large open tank through a sharp-edged 
entrance and into a galvaniaed iron pipe of length 100 m and di- (1) 


ameter 10 mm. The water exits the pipe as a free jet at a distance : D=0.010m 
h below the free surface of the tank. Plot a log-log graph of the Á V 
flowrate, Q, as a function of k for 0.1 s ^ s 10m. | 700m. (2) 


S rans £ d iz, (ft aK , where ee 4=0, zh 
f2*0, Ve=V, and s O Thus, 

h (I Zr +K, )5 where from Frig. 9.25 Kk,» 0.5 

Hence, 


h- (19 (199m )t05) V— TORT or 19.6h = (1.5+10,000f )V~ with 0) 
hem, V~ 2 
"I = ae = 0.015 (see Table 8.2) 





„0l 
^ fya vo = e ee Re = 


T = naro E 8?30V (2) 
If the flow is laminar, then f= (ze Re 42100) (3) 


If the flow is turbulent, then from £g 8.356 


= =—/, ZEE I e | 
That fS 


Tr = -/,£ boo! 4,050077; 6:7 | (4) 


The "t h for laminar thw ue when fie 72! 00, or tram £e.(2) 


V= d 20.2352 and f- 4750 Z100 = 0. 0304, Thus, from Eg. (I) 


(1.5 +/0 0900(0,030 235 
hs rr E MIRARI). 0,96) m 


Thos, for h < 0.86) m the flow is laminar. For h >0861 assume flow 

is turbulent. 

For 0. m shz lom solve Egs. (1) (2) and (3) ar (7) depending if A<0.86!m 
or h>0.86lm to obtain V. Then 


Q= FOV =F (001m) V» 7.8Sx/0°Y 2 where Vm (5) 


For laminar flow (£e, A «o. 861m ) Eqs. (1) (2), and (3) give 


i 6h = [15+ jot t V. 





v^ + 428V- 13.1 5 0 which can be solved vsing The quadratic 
equation lo give 


V= -23.9 t| 571 +13.1 hJ“ Since V>0 we can disregard the ^ ‘rod. 
(Cont) 
-58 


(con't 


Thus, Usia E9. (5) 

adie -93,9 + (571 (24h )'* | fot 04440. 8blu ©) 
This equation was used ina MS Excel Sprakh eet &o 
Find Q a5 a functor of h fy lamer flow- 


NOTE: The coefficients of Eo. (6) must be very precisely 
giver because for small values of 5, (571 -4245)^ & -BI 


Soin the spradsheet 
O = 7,85 x/0-5 [73.9 898) + (F706 7087 +13. 06eee7h)* ] 


Fon A70.46ln, Eons. (1), Z), aad 4) were used a the 
Spreadsheet tO manually "trate oA £ Ega (5) was used 
to fad Alh). 


Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated 
in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) = f(new). 


h,m  f(guess) V, m/s Re f(new) Q, m^3/s 
0.100 2.15E-06 
0.150 3.22E-06 
0.225 4.82E-06 
0.338 7.23E-06 
0.506 1.08E-05 
0.759 1.62E-05 
1.139 0.0639 1.87E-01 1667 0.0639 1.47E-05 
1.709 0.0604 2.35E-01 2100 0.0604 1.85E-05 
2.563 0.0575 2.95E-01 2636 0.0575 2.32E-05 
3.844 0.0551 3.69E-01 3298 0.0551 2.90E-05 
5.767 0.0531 461E-01 4114 0.0531 3.62E-05 
8.650 0.0515 5.73E-01 5116 0.0515 4.50E-05 

12.975 0.0501 7.11E-01 6353 0.0501 5.58E-05 
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8.66 Air flows through the mitered bend shown in Fig. P8.66 
at a rate of 5.0 cfs. To help straighten the flow after the bend, 
a set of 0.25-in.-diameter drinking straws is placed in the pipe 
as shown. Estimate the extra pressure drop between points (1) 
and (2) caused by these straws. 


Tightly packed 0.25-in.-diameter, 
12-in. long straws 


FIGURE P8. 6C 


The ex fra pressure d rop ,4A P j Is equal to the pressure drop through the 
length of the straws minws the pressure drop in that 12 in. length of the 
pipe witht the straws. Thal is 


Ap = Am Kor : where Affhs = rz tov" with V= $ - "Yd H) =6.37 f 
ft 
Also, fie VD AAA ~ #.06x/0% Tf we assume the pipe is 
smooth, it follows from Fig. 8.20 that f= 0.0215, Thus, 


Af, = 0. o215 (2 E J(2). 38x107 S ) (s. 37y = 1,04 xjo? sh, (i) 





With the straws in place, af, = FE tev? where the valves of f, D, andV 
and different than those used above. In general 
the flow geometry is quite complex — tlw throvgh the 
straws and flow in the gaps belween the straws. For 
simplrerly, assume the ga ps act as a circular. flow 
area of diameter D-g 3 D = 3 (0.25in) -0.09380. 
Thus, in each OS in y o. Sin. cross section there 
are 4 straws ,r a total of N=% Cera: "3i iin] 
ce. A 18/0 straws, 


Ff the fw is laminar, then Q~ D* so that “ase. -(2 Qotsein). some 
straw O.2 5 In 


That is, ds about 27 ol the flow ís in ing gap region — neglect this amm. 
Thus, V= D u-— — = 8.02 a 
Hence, "CE (Sae A) 


0.25 
ae = VD . _ (9.10 (2g5 n) =/070 < 2100, the flow is laminar with 


P 1,57 x10 * £P 
/2.in. -3 a 
f- E = S557 = O. 0.528, or AR =0.0598(- TL )E)(@-38x10 (8.0 ft) 


o s 0, 224 lb, Hence, when combined with n (I) 
Ap = AR, -Afs = (0.224 -0.00104) 8, = 0,223 b 
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8.67 Repeat Problem 8.G6 if the straws are replaced by a piece 
of porous foam rubber that has a loss coefficient equa) to 5.4 





FIGURE P8. G? 


The extra pressure drop , Ap, is equal tothe pressure drop throvgh the 


length of foam rubber minus the pressure drop in thal /2 in. | ength of the 
pipe withot the foam. That is 


£1? 

Ap 7 af - fy, where afre th LV wilh V= $= gres =6.374 
VD . (e. 32 £g) 4 w GER) 

Also, ffe - 4E iX NETT = 406x/0" Tf we assume the pipe is 

smo, it follows from Fig: 8.20 that f= = 0.0215, Thus, 


Aff, = 0.0215 12 -\(-4)(2.38x10" 8) (6.37 1) = 1.04 xjg ? 





(1) 


The pressure drop due to the foam is 
Af, = = K, +P V? 


= 5.4 (1 )(o. 00238 SEE ) (532 21^ = Q 241-5 ro 
Thus, 


Af) = Ap; ^^ ft = Q 241 3j. - OQ. O 010% Fy: oA = 0.260 fha 
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8.67 As shown in Fig. P3.68, water flows from one tank 
to another through a short pipe whose length is n times the 
pipe diameter. Head losses occur in the pipe and at the en- 
trance and exit. (See Video V8.IQ) Determine the maximum 
value of n if the major loss is to be no more than 10% of 
the minor loss and the friction factor is 0.02. 





if h, lh, nas , Then 


ajor minor ? 
y. vt E 
10 ri? S m : or £ = ar (I) 


where P K, = A anfintn di Ky exit = 0.841 
Thos, with [70.02 and L=nD | £g (I) becomes 


D 10 (0.02.) 
© won 


=q 
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Gauze over 


Lo end of pipe 


8.69 Air flows through the fine mesh gauze 
shown in Fig. P8.67 with an average velocity of 
1.30 m/s in the pipe. Determine the loss coeff- 
cient for the gauze. 


2 2 2 | 
tp in fe iz SiS, where 2-2, |" -V- 152 


Thos, K, = 2(f;-) 


eV where F=? and P = 8mm waler 


or 4) "(8x0 ? m) ( 80x05 fk ) = 78,4 t 


Hence, 
7 . 


(423 59 say == 
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8.70 Water flows steadily through the 0.75-in. diameter 
galvanized iron pipe system shown in Video V84*4and Fig. 
P8.70 at a rate of 0.020 cfs. Your boss suggests that friction 
losses in the straight pipe sections are negligible compared 
to losses in the threaded elbows and fittings of the system. 
Do you agree or disagree with your boss? Support your an- 
swer with appropriate calculations. 90° threaded LE 

elbows N S 









et A 
0.60 in. dia. 


l in. length 


4 in. length Tee 


Closed ball 
valve 


Major loss = rZ a where 


f= (6 t6+4+/)in, = /7in. , D= 0.75 in. m FIGURE P8.70 


+a 9 5 0.02 £ f4 


m ——————À = 6.52 5 
T (0.75/12) {F 3 


Thos. with 4 (0.78 
Re = VD ac LIE n. DU = 3.373/0* and 


v I. 21 X10 
0.0005 ff 


$ = 0.75 = 8 o? (see Table 8.1) we obtain (see Fig. 8.20) 
^ fl $ y^ 17 in. V^. 
f = 0,038 —— O.861 —— 


= 0.036 so that ÉD 24 O.75S,A. be 24 
Also, y 
Minor loss = E Fer ; [2 (1.5), va 1 0.15 | 2a £ + Salf ga ig 
ý tee Aa _ 0.6 in. Y... 
70 elbow reducer with 7 «( E] ) =0.6# 
(see Fig, 8.26) 
Thos, from Egs, (1) and (2): R eg 
major loss O. 86l y 
minor loss "E UL = 0.167 = /6.77, 
2j 


Probably disagree with boss because pipe Friction js abovt 
177, of other losses. 
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Reducer Q = 0.020 cfs 





b, 7A 


8.72 Given two rectangular ducts with equal cross-sectional area, 
but different aspect ratios (width/height) of 2 and 4, which will 
have the greater frictional losses? Explain your answer. 


The duct with the greaterlosses is the one with the largesi head[oss 
per length , h, /L, where h, =f $ X, If the areas are egval, then the 
Velocities are equal since V. «QA. ed 


Let ( X and ( yy denote ducts with aspect ratios of 2 and} respect) 
Thus, : Z 
(h, /L), = dt Me and (h/b) = 1» V , where Y =W. 
hy "f Dj, 22 
Hence, 


h Dy he ba = ft / E = Ke b, " 
hy D, 2 Dy, 
Let A, =(2a)a a[ | 
an 20 
A, ta) [— — — 10s 
Thus, since A, =Ay, ins 
2 2. mp 
I Fa, , or du 7 yz 
5, = YÅ, /R, = 4 (242)/[ ¥at2a] =ta -/33a 
n 


(2) 
a 
Dy, = He / = #+(2a°)/[¥ a tf a] " T a -/13a 


so that » 
Dha £a 5 
i E = 395 = 1,179 so that Eq, (1) becomes 
b 


(hD, [ha [By = 1179 # 


t (4) 
In general, f =f(Re, $) in such a Way that if $ Increases, f inoreases 


and if Re decreases f increases, This is seen from the Moody 
chart as indicated below. 


(con't) 
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6.72 |(con't) 
laminar 
ts "4 P nisus 


(+4) 


(2) 


E/Dhy 
E/Dho 





Rep 
For a given €, (5), > (5 ), since D, LC D. (See Egs. (2)and(3)) 
Also since Res VD, // 4 follows that 
Re hy < Rep, Since Dy, < Dp, and y= zhe 
Ths, pru the flow is laminar or turbulent i To]]ows 
that f,» f. i follows from £e. (4) that 


Ch, by / Uy 4) 71 
Thad is, the duel wrth the aspect ralio of V has the greater head lass. 
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8.7 5  Airat standard temperature and pressure flows at a rate 
of 7.0 cfs through a horizontal, galvanized iron duct that has a 
rectangular cross-sectional shape of 12 in. by 6 in. Estimate the 
pressure drop per 200 ft of duct. 


For a horizontal duct apz ðh, = f Stev? where y-3 a) 


or 7 £r Y 
y- ([2in (Ein. ( LE J =a) =/4.0 E and Ke, = 
i E ZA = (asp) = 0.667 ff 
= ( (2308 - 
Thus, _ (14.0 Ẹ)(0.667ft) 
A Lszxió * 5. d 
Also, for salvatizod iron E= 0.0005 f]. or 5 = HT = 0.000750 
From Fig, 8.20 we obtain f= 0,0227 
Thus, from Eg, () with 2 =200ff, 


wa ^ 
Ap = (0. 0227) 07 z (2. ag xio S ) (po ft) = /.59 r2 =0.0/10 psi 
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8.74 


8.75 


8.74 Air flows through a rectangular galvanized iron duct 
of size 0.30 m by 0.15 m at a rate of 0.068 m?/s. Determine 
the head loss in 12 m of this duct. 


\ 
Ly 4 4 (0.3m)(0.15m) 
= where D, = =0.2 
h, fD, Wo oU T 2[0.3m40.15m] 7 
and m? 
y- € = _Q 0685 — 
(0.3m)(0.15m) 


=/,5/2 Also hey" 7 V5, =- = (L513) 0.2m) -20 700 
and from Table 8.1, 


1.46 x 1077 ME 


£ = OISKCM = 7.5x10" Hence, from Fig. 8.20 [20,027 
Dp 
so that 


M2 
0,027 LAM (ISI) E 
h,= (ot) 2(q.e)m) ~ 2/880 


8.75  Airatstandard conditions flows through 
a horizontal 1 ft by 1.5 ftrectangular wooden duct 
at arate of 5000 f? /min. Determine the head loss, 
pressure drop, and power supplied by the fan to 
overcome the flow resistance in 500 ft of the duct. 


ff^ 
FRE, where Vg = EPR) o ssa 


4 (FNS n 
and D,- 44 = a[i usn] © zji. 
Also 


1:245 
” Rep = | - e - 4%25x/0° and from Table 8.1 


Ex 0,0006 fl to 0-003 ft, Use ap'average" E 20.0018 ff so that 
0.0018 fl _ be 
5 =a = 0.0018 Ths, from Fro, 8.20 [30,022 ior 


500 ft \ (55.687 
h- (0.022) — 7 — T4 2032.24) ^ = 440 ff 








For this horizontal pipe f + Me +z 6 tE thy, where 2,-2z 
and V,=Va . 


Thus, f - fu Uh, =(7.65x10* I (4404) = 33.7 B, = 0.234psi 


P= =7Qh, = Q (p, “fo ) = ny )(33. 7i 16, ) Sai "Le EE ELI) ft: a] 
or 


p= 5.// hp 
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6.76 


8.76 Assume a car's exhaust system can be approximated as 
14 ft of 0.125-ft-diameter cast-iron pipe with the equivalent of 
six 90° flanged elbows and a muffler. (See Video V8./2) The 
muffler acts as a resistor with a loss coefficient of K, = 8.5. 
Determine the pressure at the beginning of the exhaust system 
if the flowrate is 0.10 cfs, the temperature is 250 ?F, and the 
exhaust has the same properties as air. ( Table 8.2) 





2 
x +z, = +e t£. +(ft £k, ag, where Z,7*22, £470 


ih -¥ o, ££ 
ne "Fosse" id (zd y. 
Lag tov? ae” 5? sl» 


irs puit 0.0068 (Table 8.1) 


so that with p= ef = (1.7410? snd = 3770 we 


4,7x10 7 lbs 


obtain trom Fig, 8.20, f= 0.047 T 

Hence, 
=(0. 047( 28) + 6(0.3)4 8.5) (E) (1, 7#K/0~ st) (8,5 ft)? 
- 0.899 P 
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8.77 







8.77 The pressure at section (2) shown in Fig. P8.77 is not 
to fall below 60 psi when the flowrate from the tank varies from 
0 to 1.0 cfs and the branch line is shut off. Determine the mini- 
mum height, h, of the water tank under the assumption that (a) mi- 
nor losses are negligible, (b) minor losses are not negligible. 


FIGURE P8.77 


All pipe is 6-in.-diameter plastic 
(e/D = 0), flanged fittings 


600 ft om | 
with 15 900 ft 


90? elbows 
Za +z, = f. 5 ez +(f4 EL , where 4, -0, 70, z = th, 
and 22-0 TP with sien 


[6th = fY *— 5 +( fs £ +3 K 5 , Mote: h must be no less than that with 
an 60psı and Uo, = / cts, or 


| | 4 
L-V-$ "Z(&my ^ 5.09 # 
Hence 2 
a ( 6015. urs) h* 646001 200 (5. o? Ë 
n= an 62. s ? (1 rz )* Zh ) ana 2 (32.2 B, b 


Or 
J 122.5 ( 1 £(459825) + EK, (0.402) fl, where h~ tt (I) 
With $ =O and Ke = VP ES Gori A = 2.J0X/0? we obtain 


f=0.0155 (see Fig, 8.20) 


a) Neglect minor losses (E K,- 0): 
From Eg.) 
h =122+8+( | + (0.0155) (£235) (0.402) 


OF h= 143 fi 





b) Include minor losses ' 
Z h= Megptrance tE LM + A = 0,5 +/5(0.3)+0.2 = 5.2 
(see Table 8.2, assume flanged 
Thos, from Eg. (I) iuge. 
h =122 -5+( | +(0.0155 X 15064h) ? 5,2 )(0. 472) 
/ «dla 





Mole : Far. this case minor losses are not very important. 
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3.78 










EE | 10 ft 
i T ! FIGURE P8.77 
9.78 Repeat Problem 8.77 with the assumption that the f 
branch line is open so that half of the flow from the tank goes | 


into the branch, and half continues in the main line. 


i All pipe is 6-in.-diameter plastic 
| (e/D = O), flanged fittings 





4 : tf, 
(a) 6X Branch line (b) 


| 600 ft » 
with 15 








For o tow from (I) to (2) : 90° elbows =e | 
Aire rz = Be 1a +(f, 4 A LZ.) Ya +(44 +E Ky) A (1) 


where ( }, and ( ) denote pipes 4" and 4° as indicated in the figure. 
Thos, with p= =0, 4=0, 2, - I6 fl th, "d =0, ier $27 6o psi. Also, 


je sg 
Va = fe - FAH) =5,09 Ë J =z " Zi a =2 5f Ee. (I) becomes 


jigah s S2 pr p.) a LAC ae aein 
= £3. SEN 
(fC - x E oa 2 (32.2 EE: 21 


p =122.54(I4f (£265) vt Yos] +(1800% Ja (,)(0.101), where h~ft (2) 
Wilh $ =0, her a= em = EA = 2./0x/0", and 


dic s 
fe - D. - 3 fe, = = 05x I5 we obtain f,=0.0185 a f; = 0.0/7 (Fig, 8.20) 


a) Neglect minor Josses ( A Ka” 25 Ky, 20): 
From Eq, (2) 
h =122'5 4 ( | +(0. o1s5) (£24 See sth) (9, 4.02) + (/800(0.0175)(0./0/) 
or 


h= 125 fl 








b) Include minor losses : 


Z aT Kentrance * > aepo, = OS * /5(0.3) = 5.0 (see Table 8.2; assume 
and flanged fittings ) 


From Ee, (2) 
h =122.5+(| +(o. oss) (E0525 t4 y} 5.0)(0.402) * (1800(0.0125) +0.2 ) (0.101) 
or 


h= 137#t 


Note: For this case minor losses are not very important. 
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8.79 The exhaust from your car’s engine flows through a com- 
plex pipe system as shown in Fig. P8.79 and Video V8.5. As- 
sume that the pressure drop through this system is Ap, when 
the engine is idling at 1000 rpm at a stop sign. Estimate the 
pressure drop (in terms of Ap) with the engine at 3000 rpm 
when you are driving on the highway. List all the assumptions _ Exhaust header 

that you made to arrive at your answer. m FIGURE P8.73 





For steady flow, 


EL +z, di - = fe + 2,4 2 


Assume xi- -Z, and <2 so tat with P, =| {5 Ask KT A 
and Ap? 4,-4 we obtain 


ap= th - sibek ye = Lev (tS +h) 
Hence, 


2 
AP, 000 2 F Boco T res Fsk) 
a ee ir ha Re 
Afiooo E Qm Vom (Tho + K) 


Assume Oooo = Crooo and too = tz000 (ce. f independent of Re) 


Thus, 
Af _ "zal Nu 
Affooo 1000 Re 


But V-X a where Q is assumed proportional 1o engine rpm, 
Thalis Veoon 7-9 Vow so that 


A fsovo -- (3)- ` 


4) fiove x 
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8.80 According to fire regulations in a town, the pressure drop in 
a commercial steel horizontal pipe must not exceed 1.0 psi per 
150 ft of pipe for flowrates up to 500 gal/min. If the water tem- 
perature is above 50° F, can a 6-in-diameter pipe be used? 


Determine the pressure drop in a bin. diameter pipe. 
A uim fet tza +f 
Thus py 

fife (EX whee F-I(RS E) 
ff Dig J f 57. 


-# 
From Table 8.1, & 7 0,000l5 Tl so that $- AE = 3x0” 


The largest f fo Will occur with the largest f, / 
which scours with the smallest Re, or largest v. We 
Since the viscosity of waler increates a the temperature 


decreases, we consider the coldast cate — 77 50°F. hi 
From Table B, af Sv'E, d'-42. 5/1 and ¥=/. yori”. 


— — 


, where V =I, and 2,22, 


(1) 


S 
Also - 3 b 
| Sak hi 
-Q _ (500 $5 )( Lime) (231-2 ) ees) = ft 
V A & 2. =< $.67-c 
A Sft) 
Thus, * 
67+ ) (6/21) 5 
R = VD. = (s673 (n. =2,0/X]/0 
6v Tom ee hs 


; $ -i . 
Hence with Rez2.elxio and 4 = 3x10" we obtain fron Fig, 6.20 
f= 0.018 


Therefore, from £g,1) 


p-f m (Isot) (5.67 iu 
= 0, 0/8 m £ i = 
ý (6/12-41) 2(22.24£) ac t 
S2 
so that 


2 
f "f£. = (2.708 (62.4.15. 4 Lr. aig) = /.17 pst >/, pfs) 


A bin. diameter pipe requiresslightly more than the allowed /: Opes per/sofy, 


This, no a. bin: pipe cannol be usec, The minimum diameter can be 
shown to be D=0, 513 Ft = 6,37.n. 
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8. 9| As shown in Video V8 and Fig. P8.91 water “bubbles 
up" 3 in. above the exit of the vertical pipe attached to three 
horizontal pipe segments. The total length of the 0.75-in.- 
diameter galvanized iron pipe between point (1) and the exit is 
21 in. Determine the pressure needed at point (1) to produce 
this flow. 





gm FIGURE P8. 9l 


V? B b VA 
VEA iE =H; = fe + 22 +22 


Where Z,-0, 0,0, V,=0 Thus, 
(1) Éi = 2, th - 5 where Y= V -V 
With no head loss from (3) t0(2) and f^ V, 20 we obtain 


Ls HA EQ, or V = 2¢(z2 -Z3) = 2(32.28,) (24) 7 4 oy tt 


Thos, g (028 
VD _ VD _ #0135 72. EH no ur 
bd. Mur ada 121X160 d "- 


an 
£ 2.00008 f^ 5568 (see Table B.I) , so that (see Fig. 82°) 


(FEA 
f= 0.039 
Also, h, = PI p where $. K, z 3(1.5) z45 


Hence, Eq. (1) becomes . 
Vi z 
f, = Z2 + [rd D +S KIS 29 "24 where y y 


or : 

2} In. - (4 4:01 <5 gy 

5 = 7 t ‘| 0,034 xum 4 ir 7T =(0,583 *^/47)fl 
= I, 73 ft 

Thys, 


f = (62.545) (1.73 #4) = /08 h, = 0.750 psi 
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3.32 






Length ¢ 2) 
8.82 Water at 10 °C is pumped from a lake as shown in p a t — 
Fig. P8.82 If the flowrate is 0.011 m?/s, what is the maximum m 2 
length inlet pipe, €, that can be used without cavitation ji Q= 3 
DIEA Elevation 9-011 m^/s 


occurring? 
653m 


! » FIGURE P8. 32 
a 2 d 
Paia prn lOG, where pik, 2-650 


( 
y 70, zr Zo= 653m , and from Table B.2 fo = Pv = 1,228 kPa ? 
Also, V= 4 = gem - 2.84". so that 
Re = YD = Do cm) -1.53x/0*, With this Re and from Table &.! with 


d /,302x10 m 


€ , 0.08mm _ . e 
$c O.00//4 we obtain 120.0214 (see Fig. 8.20) 


Hence, with EK, =0.8 for the entrance , £g (I) becomes 
(101—228) xo 5 (2. 96 ny 


2 
Om- ,02l, 
Ua ense E, I. t 650m = 653m «(1 #(0.026) rm) 0.8) TA 


or 
L=50.0m 
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8.83 Water flows througb the pipe system shown in Fig. P8.83 
at a rate of 0.30 ft'/s. The pipe diameter is 2 in., and its roughness 
is 0.002 in. The loss coefficient for each of the five filters is 6.0, 
and all other minor losses are negligible. Determine the power 


added to the water by the pump if the pressure immediately before 
the pump is to be the same as that immediately after the last filter. 
The length of the pipe between these two locations is 80 ft. 





SFIGURE P8.83 


From the entm" ppm n" 
hp = hy = -GF +k.) ) Leg 


G-vA, V= 93x04, Y) - 12,75 Ys 
: (1.94) (12 75) (¥, 
c ta le) iris 


H a 0.0023 . ix /0-2 


From the Mondy chort, f2 0. 02/9 


So F gO EREI 
h p =| 0.0219 22 + eye) ] (7T 


(32.2) 
=| 10.32 + 30] (2.94) 
( Note: the Fitkrs produce ^3x te pipe Joss) 
hp = 118.74 Ft 
Calcula the power 


W = ¥Qhp = (624) (0.3) (8.54) 
4b 1AP 
= 2219.1 EF ir 1.0357 
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" | = hc i 
3.34 NN Iti : 
| SS — | 
8.54 — Water at 40 °F flows through the coils of EA N Threaded 180° 


the heat exchanger as shown in Fig. P8.84 at a return bend 
rate of 0.9 gal/min. Determine the pressure drop i 
between the inlet and outlet of the horizontal m m 
device. (2) 
i uL 
0.5-in. copper pipe (drawn tubing) 


FIGURE P8.24 


£d, +Z, = RE tZ; (65 +Z K, Jh, whe sa Z,-22, 





ye Y= = 9 - (0.9 £5, (era iss a $98) fi 
» FEAN . m 
US, 
Af (FÉ *EK)ZeV., with b= 8(1 n) = 124 (1) 


and 5 k,=7(15) — (see Table 8.2) 
Also, from Table 8. 5 - n 000005 fi/ (0.5712 f1)) 1.2 x10 ^ 


fi 25 f 
od «VD _ WH7E) TH) _ 3690 (see Table 8.1 


7" ^ i856 x10 ^ fe for v) 
Hence, from Fig. 8.20 
f=0,04/ 
and trom £9. (1) - | 1 
/ 
Af. (anu (oy =, ) +108) (x) (194 5 (L472) 


or 
Pp- 46. Bh, = 0, 0,825ps/ 
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8.85 For the flow in Problem &.84, ethylene glycol is added to the 
water for freeze protection if the temperature drops below the freez- 
ing point. The density is unchanged, and all flow conditions are 
the same except that the viscosity of the mixture has changed to 
0.01 Ns/m at the given temperature. Recalculate the pressure drop 
between inlet and outlet. Discuss how this loss will change if the 
fluid temperature does drop below freezing. 


First, Convert the Viscosity to DG warts 
Using Table /. ," 
y Ms 


M = = 0.0) “8 2 (. 09? x07?) = A. O7 x /O yx 
From Table mi po M Signs 


"i ye 4A 8.098104 HE 


Pd / 24 Uy, s 
Calculate an um heynolds number wrth V= 147 t (see 


f. = — (197%) (OF Ft} - 549 Prop. 8.85) 


LON7MK/DAHYs 
There fore , ^ new fow iS laminar 


f= Ye, - Uf. = 0,112 


From Mroblem BLY 
£-Z-(f£É«£Zk)à 
= (ona( 2i, ) +109) (3) EE E (Ld 72)° 


E-R- 99.6 Up = Q.622p:- 


-/.077x/o7f 2% 


This add Aon ap proximae ly doubles the pressure drop. 


Ar the Fluid temperature does drop below freezing, 
there will be a further maese ra viscosity amd the 
pressure drop. 
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4. 86 Water flows through a 2-in.-diameter pipe with a ve- 
locity of 15 ft/s as shown in Fig. P8.86. The relative roughness 
of the pipe is 0.004, and the loss coefficient for the exit is 1.0. 


Determine the height, h, to which the water rises in the piezome- 
ter tube. 





@ FIGURE P8.86 


A rni -h= fein 


where 
£L =h , z,-0, f, 70, Z,« PH ane 
h - CI ME with V=% and K, 
heat 2 
(1) h + ge I. ing i 
/ 
3i Re = 05s (15 GE HI = 2,07X/0. 


2. 34X/05 /b : = 
Hence trom 5 19, 9.20 with ED <0. dod we obtain 170.022 
so that Eg, (1) becomes 


ft (/5 zy 
h aL sain i T "25:285 = gti 


h=/6.5 fl 
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m 
4 (2) 
8. 97 Water is pumped through a 60-m-long, 0.3-m-diameter 
pipe from a lower reservoir to a higher reservoir whose surface (1) 
is 10 m above the lower one. The sum of the minor loss coef- 


ficients for the system is K,; = 14.5. When the pump adds 


40 kW to the water the flowrate is 0.20 m?/s. Determine the 
pipe roughness. 


2 
fy +t tZ thy -h = A di Kg, where f" fu "0, y = 0 2*0 





(1) 


and zzi? lüm 
diu hp zx Z2, where 
| 40x103: m/s 
hp = x “Q 8ox/03V/m?)(0.2m°/s) lala 
Hence. 
Z0.4m [E ak] = /0m 
with 


V= & =(0.2m%)/(E (o3mY) = 2.82 m/s 
Thus, from Eq. (1) 
20.4m - [+ (£ bom) 145 (2.82 m/sY 


2 (9,81 m/s?) 
or 
hime” EE I PINIA 
2 M/S 2m 
Also, Rez $= ee = 7 &5x10° 


Thus, from the Moody chart (Fig. $.35), with Re =7.55x10° and f - 0.0540 
i} follows that g/D = 0. 028 or 


£ = 0,028 (0.3m) = 0.0084 m 





f= 0.0560 


s » 
p = 9.028 


Re -7. S5 XI0" 
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9.043 


8.89 Asshownin Fig. P8.89, a standard household water meter is 
incorporated into a lawn irrigation system to measure the volume 
of water appliéd to the lawn. Note that these meters measure vol- 
ume, nòt volume flowrate. (See Video V8.15.) With an upstream 
pressure of p, = 50 psi the meter registered that 120 ft of water 
was delivered to the lawn during an “on” cycle. Estimate the up- 
stream.pressure, pp needed if itis desired to have 1501€ delivered 
during an “on” cycle. List any assumptions needed to arrive at 
your answer. 





À 
(4 7%---¥-, 
if | Irrigation uz) 
— system: 
pmi E pipes, fittings, —vVa 
CLV Weise | nozzles, etc. | 


BFIGURE P8.89 


The energy equation for this flow is 

5 «d iz - [n EE] uz, a) 
where 2,722, f2.79, y =V and Vo * A, V 

Thus, from Eg. (I) ; 

A = teV* (Hd me +R) -1] e) 
But Q=AV, = X , where Vis the volume of water supplied 

during an “on” cycle and t is the length of the cycle. 


For a given system 2K, is independent of Q. Similarly, for large 
Re pipe flou, f is independent of Re (or Q). Thus, 


[it «3 k, (x je [] is constant, independent of Q. 
Hence, trom £9,l2), if the length of the cycle is constant, 


Pi ) srt ` toh, | Vee Hj E d 


eee UAR a AT = = T) =/, 563 
f ji? 2 eV, die V) Yio 


or 
p) =1-563f)) = Le Sopsi)= 78.1 psi 
/|50 12.0 t TX 
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8:90 A fan is to produce a constant air speed of 40 m/s 
throughout the pipe loop shown in Fig. P8.90, The 3-m-diam- 
eter pipes are smooth, and each of the four 90-degree elbows 
has a loss coefficient of 0.30. Determine the power that the fan 
adds to the air. 





m FIGURE P8.90 


bizit —h, th. = fe +z, z 
Jf we locate (/) and (2) af the SAME place if follows that 
fh * f, V, * V. and Z = 22. 
Thos, " 
hh -(F$Z Kd where Z Ky = tens) =42 
Also, Re= pi = ^23 52, (Yo2)(3m) " 8.25 xJof 
^79x 19 ^ 28 


and £ «0 so that trom [j9.&.20, f 0.0083 


e (2042.04 /04/0)m ( yoy 

= ia s d M S aa x /// JM 
h = (0.0083 77$, +12) TORA) 
so that 


W, = YQh, = egQ, (23g (9.92) Beam)" tto] mm 
= 3.79x/0° LP = 379 kW 


3-82. 


8.9] 


8.9! The turbine shown in Fig. P8.9/ de- 





20 
velops 400 kW. Determine the flowrate if (a) head Diffuser 
losses are negligible or (b) head loss due to fric- TE 
tion in the pipe is considered. Assume f = 0.02. a7) a 3 


Note: There may be more than one solution or 


there may be no solution to this problem. 120 m of 0.30-m-diameter 
cast iron pipe 


(2) 
lm 


FIGURE P8.9/ 


2 2 
ee “Re, where Py = f2 = 9 Z,*20m, 


4,70 Thus, Z= MEE th, (1) 
Y eae head losses (f=0): za 
- X È th, wine hades SOROR X EO 
T EQ  (ogoxO 1E (Im) V, Ve 
us v2 ir 
ak. viser Phat. o Pa = 
20m = 55487 + A OOF kW -3?2W +/020=0 (2) 


Determine the nt of this cubic equation. let V, *-392V, +/020=F 
As indicated by the graph, there 
at two real positive roots fo F0: "Loo RN 
72.652 or V =/8.3 5 Thus » | 

Q- A, V2 = - Z (Im. V, or F 
Q- 2. 03 m° or Q = yyy M | 























The negative root (Va 40) has no 
physical meaning. E 


4 Zoe head loss (f 20.02): Fe £g ()) V= 23 Bhs y (3)- ^ Ea m 











Son =(1v0( 222 M ug, ten I 
T hus, 
V3 -o,308V, +1.034=0 Lef G= V; -0.398V,+1.03% ; determine 
V2 that gives G=0. ————— 
— te 
As indicated by the graph, there ee ——_f 
is no positive real root. Hence, . E : cm a 
the flow cannot occur_with 
W. = 400kW. in M 
E m ws d 
V2 
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AF. 


*8.92 In some locations with very “hard” water, a scale can build 
up on the walls of pipes to such an extent that not only does the 
roughness increases with time, but the diameter significantly de- 
creases with time. Consider a case for which the roughness and di- 
ameter vary as € = 0.02 + 0.01¢ mm, D = 50 (1 — 0.027) mm, 
where ft is in years. Plot the flowrate as a function of time for t = 0 
to ¢ = 10 years if the pressure drop per 12 m of horizontal pipe re- 
mains constant at Ap = 1.3 kPa. 


b: app 4 =1,3 kPa 
12m V 

E de ré Ge or 13x10 = n a 3) 

Fy- 0.0108 ( 1- 0.021), where i yp V~% 

Also, p E. yb " Vio. o5(I-o. 021)] 

and 7 "(muet o Re = Axio ( |-0,024)y 


_ (0.02 40.014) 
$^ 50(1—0.021) 


Finally, From the alternate formula., Eg. 5.35 6, 


F =e Lag (Shy GE] 


(I) 


(2) 


(y) 


For 0*0 yr , obtain $ from Eg.(3) and solve Egs. (1, (2), and) 


for f V,andfis, Then Q- VA = VE (0.05(/- 0,024) 


or 
e -3 
Q= 196x10" (1-0.021) V “where Q~ Ve, eye 


(x) 


Eons (1)-(5) were used in a. MS Excel 5 preadsheet 


to maauall jerde on the ee. 
) (V) ? 
ques Ja V 2 K d ove Fw = Fouess 


No 


The s5 ead he et results are Shaun be lw along 
With a plot of the data. 


(cont) 
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(Cork. 


Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated 
in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) = f(new). 


t, yr elD f(guess) V, m/s Re f(new) Q, m^3/s 
0 4.00E-04 0.0243 6.67E-01 29758 0.0243 1.31E-03 
1 6.12E-04 0.0249 6.52bE-01 28496 0.0250 1.23E-03 
2 8.33E-04 0.0257 6.35E-01 27195 0.0257 1.15E-03 
3 1.06E-03 0.0264 6.20E-01 25998 0.0264 . 1.07E-03 
4 1.30E-03 0.0271 6.06E-01 24845 0.0271.  1.00E-03 
5 1.56E-03 0.0279 5.90E-01 23692 0.0279 9.37E-04 
6 1.82E-03 0.0286 5.76E-01 22625 0.0286 8.75E-04 
7 2.09E-03 0.0293 5.63E-01 21595 0.0293 8.16E-04 
8 2.38E-03 0.0300 5.50E-01 20602 0.0300 7.61E-04 
9 2.68E-03 0.0307 5.37E-01 19643 0.0307 7.08E-04 
10 3.00E-03 0.0315 5.24E-01 18686 0.08315 . 6.57E-04 
1.40E-03 
1.20E-03 liac. 
1.00E-03 iit 78 
c 
E 
G 6.00E-04 —— EA 
4.00E-04 —— 
2.00E-04 — - 
0.00E «00 
0 2 4 6 8 10 12 
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8.93 


8.93 Water flows from the nozzle attached to the spray tank shown 
in Fig. P8.93. Determine the flowrate if the loss coefficient for the 
nozzle (based on upstream conditions) is 0.75 and the friction fac- 
tor for the rough hose is 0.11. 


FIGURE P8. 9% 


Nozzle diameter 


= 7.5 mm 





2 2 
5 dbz - fe +# t z.*(1j "kI , where g=150kfa, p,=0, 


Z, =0.8m, Z,= pano =(19m) sint? 7 1,22 m, V, =O, 


V- 4 , and Vo= S (AW = (Bz) V - Cou) 


7.5 mm 
Thus, with {= 0l and K= 0.75 £g.(I) gives 
3 JN 
[50x/0 m^ 190 
980K A +0.8M = 22m +( 4° + Ouen) *°75 )ztgaim y 
or 
V= 3.092 


Thus, Q-AV- z (0. a1Sm) (3.092) = 5.46 xlo 
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(i) 


8.94 When the pump shown in Fig. P8.94 adds 0.2 horsepower to 
the flowing water, the pressures indicated by the two gages are 
equal. Determine the flowrate. 


Length of pipe between gages = 60 ft 
Pipe diameter = 0.1 ft 

Pipe friction factor = 0.03 

Filter loss coefficient = 12 





Fase Xa 


EÉ-AR,z,2,,W*V3 


So, Ap = Ay (1) 
The pump adds O.R Ap of Power 

TR P co ftp MN 

Wan iy x SE = 10 ae 


Convert to head by: 


hp = WL - jo &* _ 1b 
YO — (244, Q Q 


Sub inte (1) . / (Q/ P 
LZ- (fÉ EK) (FE + £ki) 5 


or 12 = /- 76 (a) )A* a 0 PL SS: -5D,2 
Q ETEA where A=+(0.1 Ft A985x077f4 


2 
- 4.76 4] (795x10) 
( 0.03 Qo. H fa) 
A? = 2.3234 Jn 


O = 0.0617 ^76 


| 
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8,25 


8.95 Water is pumped between two large open tanks as shown in 
Fig. P8.95, If the pump adds 50 kW of power to the fluid, what is 
the flowrate passing between the tanks? Assume the friction fac- 
tor to be equai to 0.02 and minor losses to be negligible. 





Pipe length = 600 m 
H FIGURE P8.95 


With m= =O), V = Va = e. and Z, Za 
e 
hs 7 7 ky ^5 (1) 


With the Pump adding So kw of power 
W= 5Ox/ŻW = ape 


hy = S Ox /0 ? e a 
Q C2.8x/03) R 
Sub into (I) 
en 42 Y. LQ 


Q? = sod) tga where Az € (as]* 20. om 
Thus 


P = TIROS) (7.91) (0. HD" 
(0.02) (G06) 


= 0.1602 
O = 0. SIMI 


or 
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8. 37 


8.47 The pump shown in Fig. P8.97 delivets-a head of 250 ft 
to the water. Determine the power that the pump adds to the wa 
ter. The difference in elevation of the two ponds is 200 ft. 







Pipe length = 500 ft 
Pipe diameter = 0.75 ft 
Pipe roughness = O 


BH FIGURE P8.97? 


y^ 1 V" 
Al +z, ta -A +h, “Ae trath 


where f- =p, =0, 7h70, Z=0, Z,=200ff hy = 25087 
This, 


- HE » -EK th, = Zs so thet wih ELK sb 


: (o6 94.5) 504). 
y? 7 
2 P IA e 
50 B a S0 = 200 á 
[-1 592) -/2. TETTES 2 (32.2) "-—— 
(1) (5671 42.9) V^ we” i 
eva _(1%4 SMS V 0.711) 
Also, Re = fe 2. 34x/Ó m Ibs T 
or 
(2) «Re=6.22x/0°V 


and trom Fig. §.20: 


G) 1 ANG 
| £0 


Re 

Trial and error solution. Assume f= 0.02 irl Velh/ $ £X —P» e =s, 9x/0° 

BS f= 0.0/2 +0.02 

Assume f = 0. NS D, yz if Fy - 727x105 —~ f = 0,0/2/ 0.0/2 
Thus, Y= 2. E and 

W E YQ, = (62.4 AZ Z (o, adr Ai e É (2 seq) = ss uo £4 

= 8 SEx f-k A x/k TS = 155 hp 
Alternatively, we could replace E, (3) (the Moody chart ) by Eq 8.35 
con't) 
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(con't) 


(44) 


(5) 


(the Colebrook equation) and. obtain V as follows. 
From Ee. (1) 


l . 
V= [ 3220/(56657f +/2.8)| s which when combined wrth £e. (2) ges 


Re = 6.22410” [3220 /(b67ft/2.#) | = 3,53 xof / (647 0412.0) 
Also, the Colebrook equation wrth £/D <0 is 


E 


A 2.5) 
Vf = 2.0 log ( ce) 
By combining Eqs (*) and (5) we obtain a single equalion involving only f: 
2.51(667£ +12,8) 1 


e 
f l| 8 xio6 YF 


Using a compute roct-finding program to solve Eq (6) gives 
f= 0.0123, consistent with the above trial and error method. 
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Gna, 


Free jet 


8.73 Water flows through two sections of the (2) E: 
vertical pipe shown in Fig. P8.?8. The bellows 
connection cannot support any force in the ver- 
tical direction. The 0.4-ft-diameter pipe weighs 






: M f = 0.020 g wei 
0.2 lb/ft and the friction factor is assumed to be 7 7020 bit 
0.02. At what velocity will the force, F, required 

to hold the pipe be zero? —+| }—D =0.40ft 


From the momentum equation applied to the 
control volume indicated 

fp, P 7 Wyo- “pipe = m(V-M) z() on V=V, í, (2) 
Thus, p= Mines n = SLA, 7 CTE £) | Wino 


OF 
m ° 


Also, , 6A 
2 2 
f+ +2, fea ag eo dS, where p2=0 V 


V=% =V, 2,20, and 2,-/ 
Thus, Pi = OZ, +f£4 oy? 


or when combined with the above force balance result 


p= Uhh toV? = ot Lio] 


: | | 2 (04) LS9 
That is, FOV 159 Or V= 259 = ony "52 


Note: This answer is independent of the pipe length, L. 
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| 9:99 


Ky elbow ^ 15 


8.97? Water is circulated from a large tank, through a filter, and 
back to the tank as shown in Fig. P821. The power added to 
the water by the pump is 200 ft: Ib/s. Determine the flowrate 
through the filter. 





Ky ent = 0.8 


i 200 ft. of O.1-ft-dia. 
pipe with &/D = 0.01 


y? | 2. 2 
Lt zta thoe DE ag +38 Ob zs; (1) 
where 


B =h J V zh, and Z,= 22 


Also, W, = reh, or 


= = a 
j 62.48, (Fom — V 
Thus, Eq. (I) becomes i 
V 
UB = ( 200 H f (0.84 5(15) +/2+6 +/)) 2211) 


or 
y* /3./3 
(f +0.01365) 


Also, C" 
Re = eye EC ds (V F)(0.141) or Re= 8290y (3) 


.34 xi lb: 
2.34 x10 EE 


(2) 


Trial and error solution: 
Assume f=0.04. From Eg. (2), V= 6.264 $}. from Eo. (3) 
Re = 5.20x/0*, Thus, from Fig. 8.20, f = 0.039 + 0.04 


Assume {=0.039 or V= 6.294 and ffe = 5.2/x10* and f =0.039 
(Checks) 


Thus, Q=AV = Flo INS (6.294) = 0.0494 4E 


Al ternatively : 1he Colebrook equation (. EQ 8.35) could be Used 
rather than the Moody chart. Thus, 


(con't) 
8-22. 





(con't) 


E 
yr 7 72-2 log( SS ue iF ), where from Eq(2) (v) 


f = (73.13/y3) - 0, 01368 (5) 


Thus, by combining Eqs. (3) (*) and(s) we obtain the folwing equation 
for. V: 


| 13.13/43) - 0.0365] t wut fo 2! 1 2.5) 8290V)((13.13/V3)-0. oae] 


Using a computer root- -finding program gives the solylion to Eg. (4) ds (6) 


= 6.291 | 
Y26.2?1* the same as obtained by the above trial and error method 
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8./00 A certain process requires 2.3 cfs of water to be deliv- 
ered at a pressure of 30 psi. This water comes from a large- 
diameter supply main in which the pressure remains at 60 psi. 


If the galvanized iron pipe connecting the two locations is 200 ft (1) 
long and contains six threaded 90° elbows, determine the pipe —- Y 
diameter. Elevation differences are negligible. D (2) 


2 2 2 
Li E +2) = a +B +22 (1E *2- KU; i where fo" 30psi , ff, = 60 psi, 
2, = Zz ,W0, 7 V= $ ? zx à 2 E , with De fl 
4 
Thus, 
pi-p2= (1$ £k FeV 
or ae 2 
(60 -30) jez (44 inept (2%) + (1.5) +0.5) (F) (NSE) 


where we have used 
2K, = 6 Ke el t eentrance = 6 (1.5) 40,5 


Thus, 
49,4 = (I+ L497 yg (1) 
Also, (2492) p "P Tod 
Re= W = 4 " 1.21x10 Ë D: or Re = 2.42K/0 d (2) 
and from Table 8.1 
ge _ 0.0005 Ft (3) 


mam 


D D 
Finally, from Fig. 8.20 
l f ena (4) 

Trial and error solution oF = 
Eqs. (1) (2), (3), and (V) for 

F, D, $, and Re. D 
Normally it is easiest to guess a valve off calculate D, etc. In this case 
(because of minor losse), Eq.(1) i's not easy touse in this fashion. Thus, assume 
D, calculate f (Eg. ())), Re (£g. (2)), and $ (Eg, (3)). Look up fin Fig. 8.20 
(Eq. (¥)) and compare with that trom E; g. l1), 


Assume D=04f , Thus, f= 0.00557, Re = 6.05x/0° £ 20,00/25 
or trom Fig.8.20 f=0,02/ # 0.00557 


Assume D= 0.54. f=0.055/, Re - 4 BEKIO® 
Assume D- 0.45¢t, [20.0243 , Re = 5.38X/0* 
Assume D=0.44ft. f =O. 0/197, Re =5.50x10° 
After enovgh trials obtain D= 0.442 fi 
Note : If Fig, 8.20 (£g. (#)) js replaced by the Colebrook equation 


=0.00/ or f = 0,02 03 #0,065/ 
= 0,00! or f = 00205 + 0.0243 


=0,00/4 op [2 0.02052 Q,0/47 


(con't) 
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(con't) 
this problem can be solved as Follows. 
Thus, from Eq. (1), 


f = (49.405-D)/19 so that with the Colebrook egvation (Eg. 8.35), 
when combined with Eqs. (2) and (3) gives 





a E/D , 2.51 
R= -2-9 log (Sa * mr! 
14 5 24] 0.0005 , 2.51D Vig 
UGS | =~2.0 109) “3.7 D 2.42 x/05 COTA (5) 


Using a compvler rool- Finding routine gives the solution to E 9.(5) as 
D = 0,442 fl which is the same as that obtained by the trial and error 


meihod above. 
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8.f0] Water is pumped between two large open reservoirs ij (1) (2) 
through 1.5 km of smooth pipe. The water surfaces in the two 

reservoirs are at the same elevation. When the pump adds 20 kW V 

to the water the flowrate is 1 m?/s. If minor losses are negligi- E u p $^ 
ble, determine the pipe diameter. 777 27523 TA 7 7 


d exi oh ep nd ubre pet oot non 


Thus, 


Ws 20x 10° N.m/ 
(1) h, =f, where h,= YO br = 2.074» 


and Lv n ona 
_ 1,27 T 
h, = =f 4S with v=$ T y: = M MA with De m 
Hence | 
h E f I.S x10°m admin. = [23.4 [ /D*5 
(2) ll D 2 (9.8| m/s?) ' ái 


From Eqs (and(2), 2.0% 2 [23.9 f/D' or f= 0.0165 D5 
(3 D2.27f*5 
Also 


fs . 999 1, ().273/0>)m Da 
- HUBS TET. 


L/2x/73 MS ud 
“m+ 


(4) Re= fe E 
Finally with §/0=0 the Moody chart (F9. 8,20) is the final equation. 


(s) f T 
Leo 


Re 
Trial and error solvtion of Eqs.(3) (4) and ts) for f Re, and D: 
Assume f=0.02 so Eo (3) au D=2.27 (0.02) Z2 Om and Eql#] 
gı Ves Re = 1.12x10/1.04= 0x10, Thus, trom Eq (5) f» 0.0//s which 
is not egval to the assumed f=0.02, Try again wilh f20.0US which 
gives D=0.931m , Re = L22xI0* and f20.0113 #0.01/5. One final 
iry with f= 0,013. gives D =O, 927m, Re =/.23x/0" and f= 0.003 
as assymod. Thus, D-0.927m. 
An alternate method is to Use the Colebrook formula (£q(8. 51) 
rather than the Moody char] (Eqs), Thus, with £/b =O, 
(con't) 
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(conh) 
Eg (8.35) ss 
f = -2.0 log ( Ri which when combined with Egs- (3)and (V) gives 


| 2.5D 
— — SS... 
(€ (o.0165D5)% ^ ^^ log | 114k 105(0. 0/45 5554 | 


Using a computer roct-finding program 1o solve £a (4) gives 
D= 0.926 which is consistent with the trial and error solviion 


given above. 
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@./OZ, Determine the diameter of a steel pipe 
that is to carry 2,000 gal/min of gasoline with a 
pressure drop of 5 psi per 100 ft of horizontal 
pipe. 


£ 2 
bis Merz, = fo ez, [335 , where z,Z, and Vi-V, 


Thus, 3 
p,-f2= TEdoV^ with p-p = 53h (4 4i) f= Jooff () 
p= 1.32 Sigs E "f Ib-5 and 


y ini?) in. F , 

V= g- (2000 44) UE Gio i or = y= et it with D-H 
4 D 

Hence, Eq. (I) gives: 

ria - f loo Ft) 4 (1.32 Sis) (-57- LER B 





D- pu 


lugs, [5.67 ft (2) 
= 0327 E 208 E Lésaio” 
an 
$ = -2.02015 , where D~ f (t) 


(or the Colebrook equation) 


Note: * 4 equations (2) (4, (4) and(s)) and 
4unknowns (T, & , D, Re) 

Trial and error solution: 

Guess $2002 “> D- o.se7fl 

Thus, the guess ed Valve 


is not correct. a, M 2.15 xJof 
Guess f= 0.0149 PL D= 0.534 fi M E (Ol f= 0,0/50 = 0.049 
(4 ^i = 0,00028) 


Thus, D=124( 0.0150) = 0.535 fl 


Finally , the tourth eqvalion is the Moody chart f \ 
(5) 
Re 


Ou Re = 2.03x/0 


an E £ . 0.000265 


x f=0.0/48 +0.02 


By using the Cole brook equation , Eq, 8.35, ratherthan the Moody chart 


Eg, (5), we have 


£/D , 2 a | which Using Eqs (2) , 3), and (4) is, 


pet o log| 45 


a 0. 3 2.5/0 n 
(D: Dhak” ear ^ 370" TIE RIO D/1.24) Va | 
Using a computer root-tinding program to solve Eq. (6) gives ) =0.536 f4 
which is consistent with the aboye trial and error solvtion. 
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8./03 Water is to be moved from a large, closed tank in 
which the air pressure is 20 psi into a large, open tank through 
2000 ft of smooth pipe at the rate of 3 ft?/s. The fluid level in 
the open tank ts 150 ft below that in the closed tank. Determine 
the required diameter of the pipe. Neglect minor losses. 








L= 2000} 
Enix fÈ +z, + 2g the (1) 
where 
Ves, Z,” 22 =/50 tf | and f= 20ps', p =0 
Also, £p? 
ie 3 


SE a oag, where Ve, iet 


js Pai l) becomes 
zo fener H p 2000f (43° ry 
62.4 Ty eet "DUE diu ft) 





or " 
D-H8Í1^ (2) 
Also, 3.82 4 


Trial and error solution: 
Assyme f= 0.02 So from £2 (2) Dzo.s4o tf and from £o,¢3) 


Re = 5,87 X/0", Thus, from F,9. 8.20 (with $= 0) f -0.0/3 +0.02 
Assume f=0.0/3 which gives D=0,498 Ff , Re = 6.40 10° and f 70.025 | 


Assume f «0.025,50 Dx O. 99/fÍ, Re =6.¥bk0", f= 0.0/25 (Checks) 
Thos A D = 0.49/ tf 


Alternately , the Colebrook equation, £9. 6.35, rather than the Moody 
chart, Frg. :20, covld be vsed qs follows: 


(con't) 
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(con't) 
With E/D= 0, Eg. 8,325 Is 


yr = -2-0 log(2.51/(ReW)) where (4) 
from Eg (2), f= (D/.18)° (5) 
Thus, combining Eqs. (3), (V) and (5) gives 

1/ (D/1.18Y = -2.0 log [2.51/((3.17%105/p)( b/1.18) 7) ] (6) 


Using a computer root -finding fecha gue g/Ves the coli to £g. (4) as 
D 2 0.492 fl, whichis consistent with the above trial and error solution. 


$-/00 


8./04 Rainwater flows through the galvanized 
iron downspout shown in Fig. P8./09 at a rate of 
0.006 m?/s. Determine the size of the downspout 
cross section if it 1s a rectangle with an aspect 
ratio of 1.7 to 1 and it is completely filled with 
water. Neglect the velocity of the water in the 
gutter at the free surface and the head loss as- 





sociated with the elbow. = ees d 


24x 2 y? FIGURE P8,/ò4 
a = fa + +22 ti as , where 7,70, V =0, M -V, (0 
zr. and Z;-O 


_ 4A _ #¢U7h) I. .] 
Also, D D, = # PCIE E = A26h h 
2. — = iO. oosssh $, where h~m vu 


Thus, from Ee. (I) $ 
li - (1*1 C2 )) m e zr 5735 8/.)) 


6.4/x/0°f* = VA , T 6) 
From Table 8.1 E - et £ Ed - wn , where h~m (3) 
"sy _ (o.003ssE ^ S )(I. 24h m) op T 3970 (4) 
ae ? J.12x[o 6-27 h 

Finally, from Fig. 8.20 : 

- ~~ 
Trial and error solution of f| S (5) 
Egs. (2) (3), (4), dnd (5) for ben 


E 

Ps j= O, OF m, - from (2) f= 0.11 Tom (3) $ = 1.07 x/0 

and from (9) Rey, = 993%/0%, Hence, from C4) F=0.0223 + 0.111 
Assume h= 0.03 m ; from (2) f= 0.0227 Et 40x/0. ? and fe, =1.32K10° 
Hence, from (5) f= ' 0.0290 + 0.0227 

Assume h= 0.0255. ; or f= 0.00677, $ = 4 7x9 and Rey = /. 59410" 
Hence, from (5) F« 0.03035 0. 00677" 

Assume h = 0.035 m; or [- 0.0544. £ = 3. 40xI0~ 

Rep = ^/3x/0?, Hence from (5) f= 0.0280 


Plot f from Eq, (2) and f from Eq. (5) as 
a function of h, Solution is aoe the 
rd curves intersect. 


Thus }=0.03!m and b=/,7(0,03/m) 
or 0,03/ m by 0.053 m 





(con't) 


§-10! 


(con^) 


This problem can be solved using the Colebrook equation, Eg. 6,35, 
rather than the Moody chart Fig. 6.29 as follows: 
From E g. 8,35 


Je = -2.o log (59 + BS 


(6 
Re, Vt 
where from Eq, ( 2) 
f= (6.4/x10°hS-h) / 5.55 (7) 
Combining Egs. (3) (4), (6), and (7) gives a single equation for h : 
| 2l 119X107 2.5] 
[(64xl05h*- )/s,55] — 2.0109) 5a * 3970[ (6.#/x10°h®-h)/5.55] [ " 


Using a computer root- finding program gives h 70.0313 m, which is the 
same as that obtained by the above trial and error method. 


§-/02 


*8./09 Repeat Problem 8./o4if the downspout is circular. 








| 3m | 
e + dez, = bs s d 27. ez Fd, where p "f =0,4 = =0, Va" V 


Z,= 407m, andzZ:=0 Thus, z,-(l* HBG or 


(4.07 m) (2X 3.81%) «(114 CE, 


m (i) 
Hence, with V "p or - lacs) : onze , £9.) becomes 
79,9 = (1 pm 
or[- 1956 xJ0* D* -0./429D , where Dom (2) 
Also. Re = W = (CF) 0.00764 € 

J ? V (12x16 “D 
U^ pae 682x10 Es 
D 
From Table 8.1 É = olx y that Eg. 8.35 becomes (4) 

a 

\F =-2.0 log) t ar | or when combined wih Egs. (and (+) 

i E 405x105, 3.68x/0- 2j (5) 

TF 2 olog] #05x10 + — O7. 

Solve Egs. (2) and (5) for fand D as follows: Substitute f from 

Eq. (2) into Eq, (S) to objain a single equation for D: 

A o zoly] $E. 0 36x Doo 
(1.956xl0°D7-0.429D)* — 09 D (1956x105 D5 371770 (6) 


Using a computer root - finding le chnigve gives 
D = 0.0445 m 


8-/03 


8./67 Air, assumed incompressible, flows through the two 
pipes shown in Fig. P8/62. Determine the flowrate if minor 
losses are neglected and the friction factor in each pipe is 0.015. 
Determine the flowrate if the 0.5-in.-diameter pipe were re- 
placed by a l-in.-diameter pipe. Comment on the assumption, 
of incompressibility. 





FIGURE P8./27 


fps i =h L, Pu. where ^s Zo- Zz, f4=0, (I) 
Vo = Y h- TR £ j h,= zt. , and V = "n 7 = - V2)" (SSR) V2 
Thus, £e. (1) becomes -025V, 

€ h (0.25 V2 r ha V 

a á (20m, b, d " 2 

ffo zz tev’ |f t (0.25) + i + || lh, as (2) 

| p _ fo _ (o. 5 in 2l Um 8h) slug 
With f^ Q f or Fo Rh (1716 395 ie lb à )(1s0#460)°R "09209 3p 


and f,*f,- 0.015 £e, (2) gives 
(0.53, 492s ) - 4 (o. 0020953 V7 loors {EE oas F 1] 
D Y= 90.4 Thus, Q- LV - Z sit) (90.41) «0,123 £ 
Lf both pipes were lin. diameter, then V, =V and £a li domno: 
Po = tevsi h #1] or with het, Leh, and Ņ=b 
A de, +] 


Hence, 


(asf Ms 1) = $ (0.00209 s2) V, ‘Joos ( 40 e )«] 





p =9/,7 f Thus, Q-A M = dedatfiecol - 0.5002 
Since po= PRT it follows that 
fs - ( 3 ~ e 2 Lf we assume Ty =7% (it probably will not be, 


hut it should be a reasonable approximation ) then 


NS a 200 /47p3 


"e Po mauu) 0167 The flow is nearly incompressible. 


0-107 


*8./0 8 Repeat Problem 8/O7if the pipes are galvanized iron 
and the friction factors are not known a priori. 





FIGURE P8./97 


prr 2 
Fag n hy that GEA ds, where e 29222, queo Merl, 0 





fh Vv if fe WT Va D2)? 5 ip, V 
hu m fag fia dp an Vr TAS eS) (roi) Vy = 0.25 Ve 


Thus, Ee. (1) becomes Wm 
e = T. Em EIE 
or 
p+ | fF (0.25) +6, B +1] Tae je (2) 
T3 Wy aw In. 
With P= Po RT, or o= ZR - N H42 i XP gp) =0.00204 Sis 








RT. (12), TER o n 
1716 15. )(i50+480)'R 
Eq, (2) becomes T 
lb At | sl *] 2 t f 20fl 2011 
PAPER gi = + (0.00209 a) Ve (0.25) f, AN )* Gra) +| 
6,89x)0" = Vz (15 f, *« Bof, * |) (3) 
Also from Table 8.1 ; Í = aes = ones tt = 0, 006 (4) 
12 
_ 9.0005 Ft . 
and x = 7 = 0., 0/2 (5) 


Re, = LE , Heo = A D. , where trom Table B.3 


-7 lb: 2 
y = A = 4,/8x/0 Siva = 2.00x10 “f 
0.00209 $i 


Hence ; 
2 P 0,25 V2) (7z ft) = 
sid Re, 2.00x]0 "E — 10% V - 
_ Va (zz f1) 
Re, = 





z oox *H Dn 2208 Vz " (7) 
; < x 
For turbulent flow Fo, 8.35 gives yr =~2.0 log] B + e | (8) 


By combining Egs. (+) through (8) we obtain 
m3 uA -3 2. 4/x|0 * (9) 
VF 2.0 log) 1 62x16 * AUTO] 


Va Vt, 
and -2 
-3 124x10 
TE 2.0 l| 3 T V. Yt | ( 
(con't) 


$-105 





(con't) 


Al computer trial and error solvtion method gives the solution to Egs. (3) (9) 


and (10) as ; 
i, = 00725 ja - 0.046. and V-suz E 
Thus, 


9 = Re V = ZD, V= 2 (o2 gf (5 47 2) =- zaer? iE 


If D, =D, , then Vi = Vp j f, =f, Since $ E 5, = 0.006, and 
Re, = Re, = Ve Ds V. (rz f) - 4/6 V, 


TA nain. M PE 


2.00 x|9 "LE 
Thus, Eq. (1) E 


p, "3 oW [5(025) +1] 





Or 
(o. 5 lb, ) ( papy 2 [i ;)- 2 + (0. 00209 È " 247 ) A |f n) + )*1] 
Hence, 
6.99 x10" = V, [480f, *1] (i) 


e, from Ee. (8) 
11 6-03x|0? 
pao logon + Sete ] 


2 Vlg 


(12) 


A computer solution of Egs. (Nand (12) gives 
f = 0.035! and Vb =62.2 f 
Thus, 


Q-AW = FD V, = Z(t)(2.28)-0315 f£ 





Mole: Since 40 - eRT it follows that 


i -g i To 


fo Te If weassume 13 = 70 (it probably will pot be, 
but it LE ~i a reasonable approximation ) then 


Lede £5 = _/#7P5|_ 209452 The flowis nearly incompressible. 
Qo o (0.5 +/%7) psi 


8-106 


8,110 


@./10 The flowrate between tank A and tank 
B shown in Fig. P8.//0 is to be increased by 30% 
(i.e.. from Q to 1.30Q) by the addition of a sec- 
ond pipe (indicated by the dotted lines) running 
from node C to tank B. If the elevation of the 
free surface in tank A is 25 ft above that in tank 
B. determine the diameter, D, of this new pipe. 
Neglect minor losses and assume that the friction 
factor for each pipe is 0.02. 





D o — a 


ie na a ee 





6-in.diameter; 6-in. diameter; 


600 ft long 500 ft tong 








Cee — o e — a, e am m 


Diameter D, 500 ft long 


FIGURE P8. //O 


With the single pipe : fA tZ. ferf + Zp +f, 2E hw 


where f,*45-0, Vj Vg-O , Z4 *25fl, Za =O, 


and V,- V4 (since D, -2,). 


Thus, Z4 = f, Us) x, or 25 ft = (0.02) 


(600+500) ft 


or : 
Me 6.059 Hence, Q-AV - E(fi) (6.05%) = W128 2 


Wilh -the second pipe Q= /.30(/./98 fF) = see 
Thus, Q,=15¢£ = Q,+@ or Y= = 


For fluid flowing trom A to B through pipes ! and 2 3 


Zz, = h, 


/ D, 29 
or 


25 ft = (0.02) $2098. (28487 
is (KA) 2(32.2 1.) 


Hence, Ls 2.60 f 
and 


+ (0.02) 


1.54 


fi 
= ZB 
ZIER? 9 


+ be {A Y «f 5 E ( see Ee, (1)) 


50011 Va 
(SA) 232.2%) 





Q,- AV. = Z(& HY (2.608) = 0.51 3 


Thus, Q, =Q- Ql sE -osn =103f 


For thid flowing from A 1o 8 throvgh pipes /and 3, 


z, = h, th, 435 +6 
Thos, 


5 y? 


3 
Dy 2g , where Vy, = e 1,03 = 


P 6008 (29487 
25fl - (0.02) GH) (2223) + (0.02.) 
Or 
D, = 0. 6624} 


fi I p? 
( 1.3] y 


soot (ng) 


D3 


2 (32.2) 


2 022g 


V? 


(EH) 2 (32.2 fi) 





Note: With the parameters given, the solution is quite sensitive to 
round off errors. in the calculations 
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(i) 


giil 


8.111 The three tanks shown in Fig. P8.111 arecoanected by pipes 





with friction factors of 0.03 for each pipe. Determine the water ve- Elevation = 
locity in each pipe. Neglect minor losses. 850 ft 
Ele C9) 
vation = : 
Dz1ft 
£ 2700ft 
EUIS ( 805 ft 
> CC) 
D = 1.2 ft XQ 
€ = 600 ft 





BFIGURE P8.111 


Assume the flow from both tonks A and B is into tonkC, or Qy=Q,+Q, 
Thus, ED; Vs = EDV, +ẸD?V, or 12° Y= 10M * LI* V, 
Hence, V, = 0604 V, *O.B90V, (n 
For the: flow y^ 5 me - fn "ff. 0, V, - Ve 70, we obtain 


Aum 0.03 gooit y T. 
- c E 2 Ye 22 ,0r 838 (1 2 80.sf1 * 5732.28) DURS soot yf) 


33 = 0.373 V? + 0.233 Vs 
Similarly for the flow from B toC, with pa“ p-=0, W=% =0, we obtain 


A = 2, +f, CE $45 * or BSO = “905 H + z 23 m petu, 6008 ya) 


ys =0.296 V +0, 233 o (3) 
T bus, 3 equations ((1),(2) andl3)) for / : V. and Vs. Solve as follows : 
Subtract (2) from (3) fo obtain 


(2) 





12 = 0.296 Vp - 0.3734? (4) 
From (2): Vz =y 144.6 - 1.6 V^ or when combined with (1): | 
J[I2t.6- 157 = 0.609 V 10.840V.. or Va= 1200 -2.27W^ -0.826 V, (s) 


Combine Eqs. ()and (5) to IN. 
2 = | (200 -2.27V,* -0.826 vi] = PELIS ; which can be simplified to 


V, /200-2.27 W^ = 96.5 - 1725 V* By squaring this eqation we (6) 
oblsin (afler simplification) : N pe gr 79.1 
V" - j015V^ «172€ 50 Hence Vt. LE FUUSS 77799. ‘or 


2. 22.4 
Thus, y,- 6.09 t Or V= 473 f 


Mole: The V, 20.84 solvtion is an extra root introduced by squaring £q. (4). 
I! is not a solution of the original Egs. (),(2)(3), For this valve, £g (4) 
becomes 824/200 - 2.27(9.89%) Ë 96,5-/.725 (8. 99). or 402-40 

Thus V = 473i , from Eo, (2) V3 = s [22-9878 (8797) 10.35 3 HO 


and from Eq.(l) V; 03-0494 = 8.35 $ 


§~/08 


8.142 The three water-filled tanks shown in Fig. 


Elevation = 60 m 






Elevation = 20 m 


\/ 
P8//2 are connected by pipes as indicated. If es 


minor losses are neglected, determine the flow- 
rate in each pipe. 


D 
FIGURE peate 

Assume the fluid flows from Ato B and A toC. Thus, Q, =Q +0, 
Or E (olm? V, =F 0.08m) V, + E (0.08m Vs 

^ V, = 0,64 Vy +0.64 V, 
For fluid ier fram A foB with fy= fs =0 and V, Vg =0 
zi p ht "et A v 

Z4" Ég ! D, z D, 22 





or Z 

200m Wo A m 
0m - 20m = (0.0 * 
60m - 20m = (0.015) "oim ) Baar (0.020) oam) 2 (9.81%) 
Hence, 


“OQ = 1,529 VŽ «2.55 V 


Similarly, for flvid flowing from A fol with "5, “fe = =0 and VYg= y= 0, 


ZF thas * rz! 





pa =(0 o15)(-202m LM + (0.02 joan) me _ Ve _ 
ae i 0.1m / 2 (49)%) OEM? 209 greg) 


Hence, 

60=/,529V,2 +5.10 Vy 

Solve Egs. (1),(2), and (3) for Vi, Vs, and Va, From Eas. (1) and (3) : 
60-1529 (0.5) (V, 4W Y +510 V^. op 958 =(Vat Va) + 819^ 
Subtract Eg.(2) trom Eo, (2: 


60-40 = 5,104" + 2.55V or V, -2 V; 2 28H. 
Thus, from Egs. (4) and (5): BMV, 4 T “7.84 +V,) - -95.9 =0 
This can be simplified t0 

2 Ve 24, -284 = 103.6 - I. MW. Square both sides and 
rearrange 10 give "A - /9.63 V + 42.5 =0 which can be solved 
by the quadratic formula fo give 

63+) 19.637- ; 
y^- 19.63 È 419.63 — 4 (42.5) 5 ihor 786 fh 


or Y47 2.80% 


¥,=3.43£ 


| (con't) 


8-109. 





(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(con't) 


Note: The value \4=3.43% is nol a solution of the original equations 


Eas. (1), (2), and (3). With this value the right hand side of Eg.(5) 


is negative (ie. 103.6 - IL W^» 103,6- 11.4 (3,43) 2 -24 5), As 


seen from the lefi hand side of £9.(6), this camo be. This extra 
roo! was introduced by squaring Eq. ¢4). 


Thus, Q7 AW = E (0.08m) (2.804) = 0.014) E 
Also, from Eo. (3): at 

60=/.529 Y? +5.10 (2.80) or aie) 
or Q = AV, = E(ojomY (3.622) = 
and from Ee. (): 


3.62 = 0.64 V, +0.64(2.80) or V= 2.86 2 
Or 


Q, = Aa Ve = Z (0.08m) (2.86 Z) =O. 0/4 3 P. 


g- 0 


$113 (See “Deepwater pipeline," Section 8.5.2.) Five oil 
fields, each producing an output of Q barrels per day, are con- 
nected to the 28-in.-diameter “main line pipe" (A-B-C) by 16- 
in.-diameter “lateral pipes" as shown in Fig. P8.1! 3 The fric- 
tion factor is the same for each of the pipes and elevation effects 
are negligible. (a) For section A—B determine the ratio of the 
pressure drop per mile in the main line pipe to that in the lat- 
eral pipes. (b) Repeat the calculations for section B-C. 


For any of the pi pe sections 21 -f i5, Or Ap - ad im iD 





BFIGURE P$&/!3 


In 
(a) Thus, Afe : Z 0a lag and AP iat = = £0 Ma fp ^e z 


Hence, 


Afas Ae _ (Voss / Das ) 
AP iat 7 Bas ( Vai / Diet) 
Also 


L 


, where fag = bot 


Wag = 3 so that F Dag Vag= 3 2 Dui Vi or Vae/ Vial =3 (Digs /Dig) 


Thus £o. (1) becomes 


e / Án mine | 
re Bros =|a(2#) | (pa) = a( zit t) = 9( Hin). -0 548 


(b) Similarly, for section 8c: 
fus Hye“ Vaz F/ Dae so tho 
Apec /fac _ (Vac /Dec) 
APiat bat (Vii / Dj at) 
Also, 


Qa 7 5Q , or Voc/ Mai = 5 (Dig /Dye) so that E9.(2) becomes 


Apec / pe. eo Dat )= 25( Pet) =2s( i) = 1.52 


6c 


A Plat / Afi / Liat 


8-IIl 


20m. 


(1) 


(2 


8./16@ A 2-in.-diameter orifice plate is inserted in a 3-in.- 

diameter pipe. If the water flowrate through the pipe is 0.90 cfs, V i. 
determine the pressure difference indicated by a manometer —>/\ D73in. d-2in. 
attached to the flow meter, ES 





2(f fs) I, d 
Q 7 GA PST, where 8-$ =F -2 , Q=0.70% and 
I 
D 


Also, Ag = d : 
Re = y? , where Veg = OIS =/426 fl 
Thus 4 D (Af) z 
' (4268 (2 ft) , 
^ L2ixló p emo Hence, from Fig.B.41 : C,= 0.608 
so that 


0,9 Lf - (0,602 (2, f Jes 
AM ssi 


T Jb 
Pı E -3590 5, =249 75 








8-112. 


8.1/7 Air to ventilate an underground mine flows through 
a large 2-m-diameter pipe. A crude flowrate meter is constructed 
by placing a sheet metal *‘washer’’ between two sections of the 
pipe. Estimate the flowrate if the hole in the sheet metal has a 
diameter of 1.6 m and the pressure difference across the sheet 
metal is 8.0 mm of water. 






Q= CA, E13 Bi: C Eisem) 


a 008 m)(4 g0x|0 4s) 


(1.23 3|] - (552 | 





2m) V 
Also, Re =F = DES or  Re-L37x|/0 V where V~ 2 
S 
and 
..d . “bm _ 
p= D ^ 2om "C8 


Trial and error solution: 


Assume C,= 0.61 so that from i ()) Q-285 (0.61) = 18.0% 


g l- CES 
E = 5,73 Z 


From E9.(2), " - p" (5.73) = 285 x|0? 


This Re and B give C, =0.6/ (see Fig. 8.41) which agrees 
with the assumed valve. 


3 
Thus, Q =/8.0 2 
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(1) 
(2) 


8.1/3 


8./[8 Water flows through a 40-mm-diameter 

nozzle meter in a 75-mm-diameter pipe at a rate V ; 

of 0.015 m/s. Determine the pressure difference —»AD-70.075m d=0.04m 
across the nozzle if the temperature is (a) 10 °C, 1 


or (b) 80 °C. Q-0 015 5 
d S 


Q =C, Aral PY where g-4 - zoma = 0,533 


Thus, EI 
0.015 2È = GE (oos [c 





Or 
C, VP-P: 7 80905 where Q^ Ih, propa 2 
3 
Also . YD . Y(0.075m) q uy 9. oas F m 
3 Re Y "7 0. 1 wilh V-g = Z (o,.075m)" = 3,40% f 
a) Assume T=10Cor from Table 8.2: p=9927 8 , y =1,307x/ 0 4 P 
Thus (3 m 
J , (3:F0 )(0.025 m) O 7 1 | 
= aorin 710530 so thal from Fig.8.43: 
C, = 0.986 


From Eg.(0: 0.986y P; -Pe = 8.09(999. De or Pp” 6.73x10* L, 
T hus, p -pF 673 kPa 


b) Assume T=80TC, of trom Table B.2 : -?7.8 5, , V=3.65 x10 La 


Thus m 
'Ds- (3.705 )(0.075m) _ 5 E , 
pP 6.99x10 so that from Fig. 8.43: 
C, = 0.99 | 
From E90): 0.99 |], - 9, = 8.09(97,8)5 op. p-p, = 6.49110 
Thus, 


f “p= 648 kPa 


9-1/4 


8.1/9 Air at 200 °F and 60 psia flows in a 4- 
in.-diameter pipe at a rate of 0.52 [b/s. Determine 
the pressure at the 2-in-diameter throat of a Ven- 
turi meter placed in the pipe. 


Q = C, A, -ZEE 2r elu -=-= 





ẹ(l- 61) ’ A =Q 5 and Q= 0.52 > Ib (I) 
Alo e= & = = — (foe ho 


ETET 354 
(1716 2: HP 200+460)°R fi? 
So "e 


ð= 09 = (zorio? 289 2 ft) - 0.2461, 


n uif 
Thus, Q= 232r 2244 and Ve 2 2.11 


2-252 fi 
E T(E , 
Also, from Table B.3, a 449x/9 Ibs so that 


s ft* 
pie e. (7.63 x10" Se) oua BHA) — 


4,49 XIO 7 E 
Hence, from Fig. 8.75, 
C, >= 0.98 


From Eq.(1) * 2. iE - ore FR ser 
or 


Pi f 348 lb (77 7 IU = 0: 242 E 


T hvs, fa. -(60-0.242)psia = 59.76 psia 


8-1/5 


8.1120 A 2.5-in.-diameter flow nozzle is in- 
Stalled in a 3.8-in.-diameter pipe that carries water 
at 160 °F. If the air-water manometer used to 


measure the pressure difference across the meter V (1) "n 
indicates a reading of 3.1 ft, determine the flow- -»À Dz3.8ip.« d=2.5in. 
rate. | D, 








"n bes B.I: e -^846 77 Ss , A -8,32xJ0 5 23 so that 


_ 0.996 BE »v(38 H) 


-6 lbs 
9.32 xlo gn 


"ils = 722x/0 "V. where y~ £ (2) 
Also, with Q= - £e (1) becomes (using P 7£»- oh): 


FFE AY V= Cn PER) [atzaren on V 


(1.296 $035) ()-0,658*) 


or 
V- 6780, (3) 
Trial and error solution using Fig. 8.43 for Go - Cn (Re, 80458): 
Assume Cy=0.99 From £9.02) V=6.76 (0.99) 2 6.7 £ 
From Eg. (2) Re = 7.22.x10%(6.7/2) = 4 84 xl05 which from 
Fig. 8.43 gives C,=0.99 (checks with assumed value) 


Thus, V-&7!É and Q- Eb V- Z(S8n)(&.2/8) = 0.529 £ 


8-//6 





(1) 


(2) 


(3) 


air 


8./21 A 0.064 m-diameter nozzle meter is installed in a0.097 m- 
diameter pipe that carries water at 60°C. If the inverted 
air-water U-tube manometer used to measure the pressure dif- 


ference across the meter indicates a reading of 1 m, determine V 
the flowrate. 


= ' 
—-)D-9097»  (*» == 0.064m 
(1) m 


| 06 
Q= C, fl, XM. where Q = of = OM c0 660 


From Table B.2.: Ü = 983,2 D , f= 4, 54s XID p Nz SO that 
Re = , EX | _ (214) y (o or 


4, 665x10 j^ MS - as 






or 
S 
Re = 2,04X1/0 V. where V E 


Also, with Q=g OV and £7 f: - fh =pgh= 983.2 si as (9.8) 52) (Im) 
equation (1) becomes = $4 5xi N, 


| 3M y 
$0097 mV «6, Toon] 2 Regie msl) * 


(793, 2 32) (1-0, 6607) 
m> 
Or 


Trial and error solution using Fig, 8.43 for Cy =6, (Re, 80.660) 
Assume C, = 0.99 From £9.03) V 72.4 (099) = 2.12. 
From Ea, (2), Re = 2.04x/0" (2.12) = 44 32x10 which from 


Fig. 9.43 gives Cy= 0.99 which checks with the assumed vulve. 
Thus V=2./22 and Q =A D +V = 2 (0097m)* (adhe) =O. 0157 
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8./22 Water flows through the Venturi meter 
shown in Fig. P8./22. The specific gravity of the 
manometer ftuid 1s 1.52. Determine the flowrate. 








Y=C, Ar | rr where g-4 - 3 "y =0,5 
Also, 
ee fa * Y(£-h) *YSOh or p -p= f(Se-I)h = pg (S6-Ih 


ehce, 


20e2(Sc-I)h 
(79e ti-e ; 
- 2 (32. rm -1)(2#) 
Q= Cy 4 Z(3g) | Tm 0.54 72 | 


US, 


Q- 0.1198C, Assume C,=0,98 so that Q«0.198 (0.98)=0.17 Ë 


Hence 3 
: 0,117 AZ 


V= gy = TERY = 0,596 f So that 


Re = YD = LOSSA) L uot 


From Fig. 8.45 af this Re, Cy*0.96 +0.98, the assumed valve. 
Hence, assume Cy=0.76 | or 





3 
Q=0.1/98 (0.96) = 0.52 and V= Z(5y - 0,585 # 
i2 
Therefore, Re = oss (E) =2.42x10" so that from Fig. 8.45 
C, 0.96 Checks with assumed valve. 


= H 
Hence, Q=0.1n5s4 
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r 
E 


Fig. P8423 at a rate of 0.10 cfs. If d = 0.1 ft, determine the 


5.123. Water flows through the orifice meter shown in ME h 
value of h. d 


m UU [3 
E ul 


ru 
EM N ! uy, 
Au uin ru 





FIGURE P 8. 123 


Q-C ATL ES where @ = £- ec =egh = tl) 


le, Q _ 0402 
S FEA) 


Re = = i = 6.31410" Hence, from Fig. Bl , C,=0.616 
There "^ E Eq. (1): 


0.10 - - =(0.616) E (o.8)- seh or h=5.774} 


EI -45gH so that 


8-1/9 


h=/.6 ff 


rit 


i 
§./2+| | Water flows through the orifice meter shown in 
Fig. P8./23 such that h = 1.6 ft with d = 1.5in. Determine the 
flowrate. 





J 
Pow: fre M t 
À ya 





FIGURE P8. 123 

Q= Chey EER , where @= 4 = ae = 0.75 and f, f,» Yh* egh 
Thus, E 

B 2| 2 (32.22 X161) s 
Q E C, A (45 44) | P(I- 0.757) | 
or 
Q 70.15! GC, v(& +) (1) 

VD. V uz " int = - 

Also, Re ds m "aix = /, 38X10 V, where V zp = ¥5.8Y (2) 
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8.125 The scale reading on the rotameter shown in Fig. P8.125 
and Video V8.14 (also see Fig. 8.46) is directly proportional to the 
volumetric flowrate. With a scale reading of 2.6 the water bubbles 
up approximately 3 in. How far will it bubble up if the scale read- 
ing is 5.0? m 
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8.42@ Friction Factor for Laminar and Transitional Pipe Flow 


Objective: Theoretically, the friction factor, f, for laminar pipe flow is given by 
f = 64/ Re, where the Reynolds number, Re = pVD/, is based on the average velocity, V, 
within the pipe and the pipe diameter, D. Also, the flow is normally laminar for Re < 2100. 
The purpose of this experiment is to use the device shown in Fig. P8.126 to investigate these 
two properties. 


Equipment: Small diameter metal tubes (pipes), air supply with flow regulator, rotame- 
ter flow meter, manometer. 


Experimental Procedure: Attach a tube of length L and diameter D to the plenum. Ad- 
just the flow regulator to obtain the desired flowrate as measured by the rotameter. Record 
the manometer reading, h, so that the pressure difference between the plenum (tank) and the 
free jet at the end of the tube can be determined. Repeat for several different flowrates and 
tube diameters. Record the barometer reading, Hyan in inches of mercury and the air tem- 
perature, T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: For each of the data sets determine the pressure difference, Ap = Ymh, 
between the plenum pressure and the free jet pressure. Here y,, is the specific weight of 
the manometer fluid. Use the energy equation, Eq. 5.84, to determine the friction factor, f. 
Assume the loss coefficient for the pipe entrance is K; = 0.8. Also calculate the Reynolds 
number, Re, for each data set. 


Graph: Ona log-log graph, plot the experimentally determined friction factor, f, as ordi- 
nates and the Reynolds number, Re, as abscissas. 


Results: On the same graph, plot the theoretical friction factor for laminar flow, 
f = 64/Re, as a function of the Reynolds number. Based on the experimental data, determine 
the maximum value of the Reynolds number for which the flow in these pipes is laminar. 


Data: To proceed, print this page for reference when you work the problem and etiek here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8./26: .Friction Factor for Laminar and Transitional Pipe Flow 


T, deg F 


L, in. Hai, in. Hg 
24 28.9 73 
Theoretical 

h, in. Q, ml/min Q, cfs V, fps Re f Re f 
D = 0.108 in. Data 100 0.6400 

7.5 6600 0.003887 61.11 3202 0.0341 2100 0.0305 

6.75 6200 0.003652 57.40 3008 0.0349 

6.26 6000 0.003534 55.55 2911 0.0345 

5.54 5650 0.003328 52.31 2741 0.0344 

4.66 5150 0.003033 47.68 2499 0.0349 

4.29 5000 0.002945 46.29 2426 0.0339 

3.92 4860 0.002863 45.00 2358 0.0325 

3.48 4600 0.002709 42.59 2232 0.0322 

3.21 4500 0.002651 41.66 2183 0.0307 

2.34 3700 0.002179 34.26 1795 0.0338 

1.86 2900 0.001708 26.85 1407 0.0461 

1.11 1800 0.001060 16.67 873 0.0758 

0.63 1100 0.000648 10.18 534 0.1194 
D = 0.046 in. Data 

9.52 560 0.000330 28.58 638 0.1007 

7.68 475 0.000280 24.24 541 0.1134 

7.08 425 0.000250 21.69 484 0.1311 

5.26 315 0.000186 16.08 359 0.1785 

3.39 221 0.000130 11.28 252 0.2348 

2.61 165 0.000097 8.42 188 0.3256 
D = 0.063 in. Data 

4.58 925 0.000545 25.17 770 0.0838 

3.32 680 0.000401 18.50 566 0.1140 

2.51 530 0.000312 14.42 441 0.1431 

1.48 325 0.000191 8.84 270 0.2270 

0.86 190 0.000112 5.17 158 0.3893 


P = Pam RT where 


Patm = YH20"Hatm = 847 Ib/ft^3*(28.9/12 ft) = 2040 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T = 73 + 460 = 533 deg R 


Thus, p = 0.00223 slug/ft^3 and y = p*g = 0.0718 Ib/ft^3 
Also, u = 3.83E-7 Ib s/ft^2 


Theoretical for laminar fiow: f = 64/Re = 64/(pDV/y) 


Ap/y = (fL/D + K, + 1)(V^2/29) where K, = entrance loss coefficient = 0.8 and V = Q/(xD^2/4) 


(coni) 
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Problem 8, / 26 
Friction Factor, f, vs Reynolds Number, Re 
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8./27 Calibration of an Orifice Meter and a Venturi Meter 


Objective: Because of various real-world, nonideal conditions, neither orifice meters nor 
Venturi meters operate exactly as predicted by a simple theoretical analysis. The purpose of 
this experiment is to use the device shown in Fig. P8./27 to calibrate an orifice meter and a 
Venturi meter. 


Equipment: Water tank with sight gage, pump, Venturi meter, orifice meter, manometers. 


Experimental Procedure: Determine the pipe diameter, D, and the throat diameter, d, 
for the flow meters. Note that each meter has the same values of D and d. Make sure that the 
tubes connecting the manometers to the flow meters do not contain any unwanted air bubbles. 
This can be verified by noting that the manometer readings, h,, and ho, are zero when the sys- 
tem is full of water and the flowrate, Q, is zero. Turn on the pump and adjust the valve to 
give the desired flowrate. Record the time, t, it takes for a given volume, V, of water to be 
pumped from the tank. The volume can be determined from using the sight gage on the tank. 
At this flowrate record the manometer readings. Repeat for several different flowrates. 


Calculations: For each data set determine the volumetric flowrate, Q = V/t, and the pres- 
sure differences across each meter, Ap = y,,h, where Ym is the specific weight of the manome- 
ter fluid. Use the flow meter equations (see Section 8.6.1) to determine the orifice discharge 
coefficient, C,, and the Venturi discharge coefficient, C,, for these meters. 


Graph: Ona log-log graph, plot flowrate, Q, as ordinates and pressure difference, Ap, as 
abscissas. 


Result: On the same graph, plot the ideal flowrate, Q,3,.) (see Eq. 8.37), as a function of 
pressure difference. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8.]27': Calibration of an Orifice Meter and a Venturi Meter 


d, in. D, in. V, gallons 

0.625 1.025 2.00 
ts ho, in h,, in App, Ib/ft*2 Ap,, Ib/ft^2 Q, ft'/s 
27.0 9.3 3.8 48.4 19.8 0.0099 
13.2 37.1 14.5 192.9 75.4 0.0203 
34.2 5.5 1.9 28.6 9.9 0.0078 
16.6 23.9 10.1 124.3 52.5 0.0161 
12.0 43.2 18.1 2246 94.1 0.0223 
11.7 51.3 213 2668 112.8 0.0229 
15.4 27.9 112 145.1 58.2 0.0174 
25.1 10.1 4.2 52.5 21.8 0.0107 
204 14.7 6.2 76.4 823 0.0131 
17.3 214 8.7 114:3 45.2 0.0155 
15.7 26.7 14.2 138.8 58.2 0.0170 


Average discharge coefficient: 
Q = V gal/t s x (231 in.^3/gal)x(1 ft^3/1728 in.^3) 
Ap = Yuzo*h = 62.4 Ib/ft^3 *h ft 


Q, zA?/[1 - (A2/A1)^2]^0.5*C,*(2*g* ^p,/*120)^0.5 
and 

Q; =A2/{1 
where 

A, = 1 D^2/A = x (1.025/12 ft)^2/4 = 0.00573 ft*2 
and 

A, = n d^2/4 = n (0.625/12 ft)^2/4 = 0.00213 ft^2 


- (A2/ A4)^2]^0.5*C,*(2*g* ADo/v.20)^0.5 


Problem 8,127 
Flow Rate, Q, vs Pressure Difference, Ap 
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C. 
0.611 
0.626 
0.627 
0.620 
0.638 
0.600 
0.618 
0.631 
0.643 
0.629 
0.620 


0.624 
orifice 


C 
0.956 
1.001 
1.067 
0.953 
0.985 
0.923 
0.976 
0.978 
0.990 
0.986 
0.957 


0.979 
venturi 


e Experimental, orifice | 
æ Experimental, venturi | 
— Theory, C = 1 


Ideal 
C z 1 


Ap, Ib/ft^2 


| 


18.0 
79.9 
11.2 
47.7 
91.4 
96.1 
95,5 
20.9 
31.6 
44.0 
53.4 
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8.429 Flow from a Tank through a Pipe System 


Objective: The rate of flow of water from a tank is a function of the pipe system used 
to drain the tank. The purpose of this experiment is to use a pipe system as shown in 
Fig. P8.127 to investigate the importance of major and minor head losses in a typical pipe 
flow situation. 


Equipment: Water tank; various lengths of galvanized iron pipe; various threaded pipe 
fittings (valves, elbows, etc.); pipe wrenches; stop watch; thermometer. 


Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit- 
able pipeline through which the tank water may flow into a floor drain. Measure the pipe di- 
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea- 
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe. 
Also determine the cross-sectional area of the tank, Aang: Fill the tank with water and record 
the water temperature, 7. With the pipeline valve wide open, measure the water depth, A, in 
the tank as a function of time, t, as the tank drains. 


Calculations: Calculate the experimentally determined flowrate, Q., from the tank as 
Qex = —Ay;»,, dh/dt, where the time rate of change of water depth, dh/dt, is obtained from 
the slope of the A versus t graph. Select a typical water depth, hı, for this calculation. 


Graph: Plot the water depth, A, in the tank as ordinates and time, t, as abscissas. 


Results: For the pipe system used in this experiment, use the energy equation to calculate 
the theoretical flowrate, Qn, based on three different assumptions. Use the same typical water 
depth, A,, for the theoretical calculations as was used in determining Q,,. First, calculate Qn 
under the assumption that all losses are negligible. Second, calculate Qm if only major losses 
(pipe friction) are important. Third, calculate Q if both major and minor losses are important. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8.128: Flow from a Tank Through a Pipe System 


The pipe is galvanized iron with threaded fittings. 
The system contains: 

one sharp edged entrance 

one fully open globe valve 

two 45-deg elbows 

four 90-deg elbows 


D, in. Atank: ft^2 H, ft Total pipe length, in. T, deg F 


0.595 0.654 1.00 135 71 

h, ft ts 
1.00 0 

0.90 13 
0.80 26 
0.70 40 
0.60 54 
0.50 67 
0.40 81 


Experimental: Qe, = -(dh/dt)*Ajank = -(0.0074 ft/s)*(0.654 ft^2) = 0.00484 ft^3/s 


Theoretical with no losses: Qn = V;*A;, where when h = 0.90 ft 
V2 = (2g*(h + H))^0.5 = (2*322*(0.9 *1.0))^0.5 = 11.06 ft/s 
and with A, = 1D42/4 = 71*(0.595/12 ft)^2/4 = 0.00193 ft^2 
Qn = 0.00193 ft^2*(11.06 ft/s) = 0.0213 ft^3/s 
Theoretical with major losses: Qi, = V2*A2, where the energy equation gives 
h + H =V,*/2g(1 + fL/D), where again use h = 0.90 ft and f is a function of Re and e/D 
Thus, with h = 0.90 ft, 
1.9 = (V57/64.4)*(1 + f*135/0.595), or 
122.4 = V?*(1 + 227f) 
Re = V,D/v = V2*(0.595/12 ft)/(1.04E-5 ft^2/s) = 4768*V, 
and 


e/D 20.0005 ft/(0.595/12 ft) = 0.0101 
Trial and error solution: Guess f, solve for V5, calculate Re, obtain new f from Moody chart 


The solution is: f = 0.041, V, = 3.44 ft/s, Re = 16,430 
Q4 = 0.00193 ft^2*(3.44 ft/s) = 0.00664 ft^3/s 
Theoretical with major and minor losses: The energy equation gives 
h + H= (1 +fL/D+2K,)V,"/29 
where ÈK, =0.5 + 10 + 2*0.4 + 4*1.5 = 17.3 
Thus, with h = 0.9 ft 
1.9 = (V*/64.4)*(17.3 + f*135/0.595), or 
122.4 = V5^*(17.3 + 227f) 
Trial and error solution gives: f 2 0.42, V; = 2.14 ft/s, Re = 10,200 
Qm = 0.00193 ft^2*(2:14 ft/s) = 0.00413 ft^3/s 


* As an altemate solution method, use the Colebrook equation (Eq. 8.35) rather than the Moody chart (Fig. 8.20) and 
use a computer root-finding technique to solve the equation. 
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Problem 8.723 
Water Depth, h, vs Time, s 
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8.129 Flow of Water Pumped from a Tank and 
through a Pipe System 


Objective: The rate of flow of water pumped from a tank is a function of the pump prop- 
erties and of the pipe system used. The purpose of this experiment is to use a pump and pipe 
system as shown schematically in Fig, P8.12 Î to investigate the rate at which the water is 
pumped from the tank. 


Equipment: Water tank; centrifugal pump; various lengths of galvanized iron pipe; various 
threaded pipe fittings (valves, elbows, unions, etc.); pipe wrenches; stop watch; thermometer. 


Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit- 
able pipeline through which the tank water may be pumped into a sink. Measure the pipe di- 
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea- 
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe. 
Also determine the cross-sectional area of the tank, A. Fill the tank with water and record 
the water temperature, T. With the pipeline valves wide open, measure the water depth, h, in 
the tank as a function of time, t, as water is pumped from the tank. 


Calculations: Calculate the experimentally determined flowrate, Q.,, from the tank as 
Qu = —Atank dh/dt, where the time rate of change of water depth, dh/dt, is obtained from 
the slope of the h versus £t graph. 


Graph: Plot the water depth, h, in the tank as ordinates and time, r, as abscissas. 


Results: For the pipe system used in this experiment, use the energy equation to calcu- 
late the pump head, hp, needed to in order to produce a given flowrate, Q. For these calcu- 
lations include all major and minor losses in the pipe system. Plot the system curve (1.e., 
pump head as ordinates and flowrate as abscissas) based on the results of these calculations. 
On the same graph, plot the pump curve (i.e., h, as a function of Q) as supplied by the pump 
manufacturer. For the pump used this curve is given by 


h, = —244 x 10 Q? + 51.0 Q - 12.5 


where Q is in ft?/s and h, 1s in ft. From the intersection of the system curve and the pump 
curve, determine the theoretical flowrate that the pump should provide for the pipe system 
used. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8.12%: Flowrate of Water Pumped from a Tank and Through a Pipe System 


The pipe is galvanized iron with threaded fittings. 
The system contains: 

one sharp entrance 

eight 90-deg elbows 

two 45-deg elbows 

two globe valves 

one union 


D, in. Atank: ft^2 H, ft Total pipe length, in. T, deg F 
0.625 0.647 3.50 242 62 


Pump equation System equation 


h, in. ts hp. ft Q, ft^3/s — V, ft/s Re f 

25 0 12.50 0.000 0.00 0 
24 7.6 12.31 0.001 0.47 2070 0.0309 
23 16.1 11.63 0.002 0.94 4140 0.0490 
22 25.2 10.46 0.003 1.41 6210 0.0470 
21 32.9 8.80 0.004 1.88 8281 0.0450 
20 40.8 6.66 0.005 2.38 10351 0.0430 
19 48.9 4.02 0.006 2.81 12421 0.0425 
18 57.7 0.90 0.007 3.28 14491 0.0420 
17 65.7 
16 74.9 
15 82.7 

Experimental: 

Qe, = -Atan,*(dh/dt) where from the graph, dh/dt = -0.1204 in./s 

Thus, 


Qe. = -(0.647 ft^2)*(-0.1204/12 ft/s) = 0.00669 ft^3/s 


Theoretical: 
The energy equation gives 


h +h, - h, = H *V^/2g, where 

hi = (fL/D + ZK,)*V^/2g = (f*(242 in./0.625 in.) + 0.5 + 8*1.5 + 2*0.4 + 2*10 + 0.08)* V^/2g 
= (387*f + 33.4)*V7/(2*32.2) = (6.01*f + 0.519)* V? 

Thus, with h = 18 in. = 1.5 ft, 

hs =H -h +h, + V/29 2 3.5 - 1.5 + (6.01*f + 0.519)* V^  V^/(64.4) 

Or 

h, = 2.0 + ( 6.01*f + 0.535)*V" 

But V = Q/A = Q/(nD?/4) = Q/(n*(0.625/12 ft)^2/4) = 469*Q 

Thus, the system equation is 

h, = 2.0 + (6.01*f + 0.535)*(469*Q) = 2.0 + (1.32E+6*f + 1.18E+5)*Q? 

Also, obtain f from the Moody chart with 

Re = VD/v = V*(0.625/12 ft)/(1.18E-5 ft^2/s) = 4414*V 

e/D = 0.0005 ft/(0.625/12 ft) = 0.0096 

From the graph, the pump and system equations intersect at Qm = 0.0051 ft^3/s 


(con't) 


8-1 3] 


(con’t) 


Problem 8./27 
Water Depth, h, vs Time, t 
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Pump Head, hp, vs Flowrate, Q 
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8.130 Pressure Distribution in the Entrance Region of a Pipe 


Objective: The pressure distribution in the entrance region of a pipe is different than that 
in the fully developed portion of the pipe. The purpose of this experiment is to use an ap- 
paratus, as shown in Fig. P8.13@ to determine the pressure distribution and the head loss in 
the pipe entrance region. 


Equipment: Air supply with flow meter, pipe with static pressure taps, manometer, ruler, 
barometer, thermometer. 


Experimental Procedure: Measure the diameter, D, and length, L, of the pipe and the 
distance, x, from the pipe inlet to the various static pressure taps. Adjust the flowrate, Q, to 
the desired value. Record the manometer readings, A, at the various distances from the pipe 
entrance. Record the barometer reading, Hya in inches of mercury and the air temperature, 
T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: Determine the average velocity, V = Q/A, in the pipe and the pressure 
P = Ymh at the various locations, x, along the pipe. Here Ym is the specific weight of the 
manometer fluid. 


Graph: Plot the pressure, p, within the pipe as ordinates and the axial location, x, as 
abscissas. 


RESULT: Use the graph to determine the entrance length, L., for the pipe. This can be 
done by noting the approximate location at which the pressure distribution becomes linear 
with distance along the pipe (i.e., where dp/dx becomes constant). Use the experimental data 
to determine the friction factor for fully developed flow in this pipe. Also determine the en- 
trance loss coefficient, Klene 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8.130: Pressure Distribution in the Entrance Region of a Pipe 


D, in. L, in. Q, ft*3/s Ham: in. Hg T, deg F 
0.74 50 0.481 29.7 75 
X, in. h, in. p, Ib/ft^2 

0 9.98 51.9 

1 7.21 37.5 

2 6.61 34.4 

4 6.19 32.2 

6 5.82 30.3 

10 5.15 26.8 

15 4.23 22.0 

20 3.64 18.9 

30 2.28 11.9 

40 1.09 5.7 

50 0 0.0 


P = Patm/ RT where 
Pam = Yng Hat = 847 Ib/ft^3*(29.7/12 ft) = 2096 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T= 75 + 460 = 535 deg R 

Thus, p = 0.00228 slug/ft^3 


V = Q/A =(0.481 ft^3/s)/(n*(0.74/12 ft)^2/4) = 161 ft/s 

P = YH20"h 

From the graph, the p vs x results are linear after (approximately) x = 15 in. Thus, Le = 15 in. 

For the fully developed flow portion, dp/dx = -fpV^2/2D and from the graph dp/dx = -0.635 (Ib/ft^2)/in. 
es f = 0.635 (Ib/ft*2)/in.*2*0.74 in./(0.00228 slugs/ft^3*(161 ft/s)*2) = 0.0159 


From the entrance to the exit of the pipe Pent = (K, + fL/D)pV^2/2 

Thus, 
Ki = 2peu/(pV^2) -fL/D= 2*51.9 Ip/ft^2/(0.00228 slugs/ft^3*(161 ft/s)^2) - 0.0159*50in./0.74 in. 
=0.682 


Results: L, = 15 in.; f = 0.0159, and K, = 0.682. 
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Problem 8.130 
Pressure, p, vs Axial Location, x 



















60 
TEE M 
90 — 
roie ——— RM 
e + Š 
t $ € Experimental 
6 30 ——— —— 
e. > ^ fully developed flow 
20 P. — — ——| |—— Linear (fully developed 
flow) 


ic i 
p= -0.635x +314 * 
ETE, 


0 20 40 60 





8-135 





&| 31 


8.13} Power Loss in a Coiled Pipe 


Objective: The amount of power, P, dissipated in a pipe depends on the head loss, hy, 
and the flowrate, Q. The purpose of this experiment is to use an apparatus as shown in 
Fig. P8.131 to determine the power loss in a coiled pipe and to determine how the coiling 
of the pipe affects the power loss. 


Equipment: Air supply with a flow meter; flexible pipe that can be used either as a 
Straight pipe or formed into a coil; manometer; barometer; thermometer. 


Experimental Procedure: Straighten the pipe and fasten it to the air supply exit. Mea- 
sure the diameter, D, and length, L, of the pipe. Adjust the flowrate, Q, to the desired value 
and determine the manometer reading, h. Repeat the measurements for various flowrates. 
Form the pipe into acoil of diameter d and repeat the flowrate-pressure measurements. Record 
the barometer reading, Hya, in inches of mercury and the air temperature, T, so that the air 
density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer data to determine the pressure drop, Ap = Ymhħ, 
and head loss, hj, = Ap/y, as a function of flowrate, Q, for both the straight and coiled 
pipes. Here Ym is the specific weight of the manometer fluid and y is the specific weight of 
the flowing air. Also calculate the power loss, P = yQh,, for both the straight and coiled 
pipes. 


Graph: Plot head loss, A, as ordinates and flowrate, Q, as abscissas. 


Results: On a log-log graph, plot the power loss, P, as a function of flowrate for both the 
straight and coiled pipes. Determine the best-fit straight lines through the data. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Coiled pipe 


Free jet 
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Solution for Problem 8.13]: Power Loss in a Coiled Pipe 


D, in. L, ft Ham in. Hg T, deg F 

1.44 18 29.9 80 

h, in. Q, ft*3/s Ap, Ib/ft^2 h,, ft 

Straight Pipe Data (d = infinity) 

10 1.19 52.0 709 
8 1.06 41.6 568 
6 0.913 31.2 426 
4 0.731 20.8 284 
2 0.505 10.4 142 


Coiled Pipe Data (d = 8 in.) 


10 0.835 52.0 709 
8 0.745 41.6 568 
6 0.641 31.2 426 
4 0.517 20.8 284 
2 0.357 10.4 142 


Ap 7 YHooh where YH20 = 62.4 Ib/ft^3 

h, = Ap/y where y =gp 

P = Pac / RT where 
Patm = YHg Harm = 847 Ib/ft^3*(29.9/12 ft) = 2110 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T = 80 +460 2540 deg R 


Thus, p = 0.00228 slug/ft^3 and y = 0.0733 Ib/ft^3 


P = (yQh, )ft Ib/s*(1hp/550 ft Ib/s) 


(cond) 


G-/37 


8.131 | (cop? L) 


hi, ft 
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1,32 


9.2 A thin square is oriented perpendicular to the upstream 
velocity in a uniform flow. The average pressure on the front side 
of the square is 0.7 times the stagnation pressure and the average 


pressure on the back side is a vacuum (i.e., less than the free stream 


pressure) with a magnitude 0.4 times the stagnation pressure. 


Determine the drag coefficient for this square. 


The drog —- be T E ey 
Summing the (OS forces. Nar 
= BA-RA 
= O.a p V *)A - (-o.d)($pV*]A 
The. pressure on the rear is jA Vacuum 
So is negative. 
A= 1.1 [pV DA 7 


So, E 
Cp = 2pV'A 7 











9.3 A small 15-mm-long fish swims with a 
speed of 20 mm/s. Would a boundary layer type 
flow be developed along the sides of the fish? 
Explain. : 


‘Re = UL , or with 47 15310" m , U* 20XJ0 £ and 
pz LXI E (ee, 15.5 °C water) 


| 0221503) 3 | 
Re= GET - 268 This Reynolds number is pol 
' E | large enouah {o lave irve Dordary 
la er lvoe flow. (Re 41/1000 is often 


assumed to be the lower limit.) 


44 ] 


' 9H ‘The average pressure and shear stress acting on the surface 
ef the l-m-square flat plate are as indicated in Fig. P9.4 
Determinethe lift and drag generated. Determine the lift and dag ————3 
if the shear stress is neglectec. Compare these two sets of results. 


Pav = ~1.2 kN/m? 
Taye ^ 5.8 x 1072 kN/m? 


U 





Tave = 7.6 x 1072 kN/m? 


FIGURE p94 


Since (P= uA and ST dA = Pine A it follows that 
T= -P A, sink +P, A, sin ot +T A, cos +% Ay cosa 
or with 474, = Im and & = 7 
i= A, sind (f, A! +A cosa (T+ 


- (In) sin 7* (2.3 - (71. 2)) aH om * 26X10 
= 0.427 kN + 0.133 kN = T 0.560 kN 


Note, if shear stress is neglected JJ = 0.227 kN. lie, %=% =0) 


2) AE AM 


Also, £L - pf cosXx * p, A, cos — GA, sink ~ T A sina 


{e A, cose (p,- fi) -A, sind (t ri] 
= (Im?)cos7'(2.3 - (-1.2)) #4 — (Im?) sin 7° (S:8x107+ 26x10 2) AM 
= 3.47 kN - 0.0/6 3 kN = = cae kN 


Note ; if shear stress is neglected = 3.47 kN 


Note: If the general expressions d = | p coso dA * (25 sino dA 
and X= -(p sinfdp +Í T, cos@ dA are use , be careful about 
the SIGHS voled. On the Upper surlace Pe m 
FAzo 
0, - 97" and fp and 5$, are positive as indjcated Sl 
in the figure. On the lower surface @,= 277° 
and. P and Ù, are positive as indicated in the 


lower figure. p 
For example, with thes "m w< O on the lower svetsce. FEM E 
X = -(-12. me) s 97 (1n ~ (2, Hl AA Y sin 277" (m) 0,7277 
+ (seni? k NT K) cos 97°(In*) #+(-7.6x10 E A) c05277'(1m*) 
z3.45 kN , as oblained above. 
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kq 5 


=. 5. The. pressure diswibution on the 1-m-diameter: circular 
disk in Fig. P9.5 is given in the table. Determine the drag on 





the disk. 
EE 
FIGUR 
re 
O=(pdh-(pah=( plamrdr) ^g, Z^, sine df =2Trdr 
( 2. üi 
Thus, Q.5 m 0,5 


PE er prd- (kf re (la ls oer 


* where px BÉ pm 
Evaluate the integral -— y Using the following integrand: 


en m | 2" j kN/m © r(m) - p (kN/m?) 
O O 3 


() 4.34 
0.05 0.244 | TE a 4.28 
os om o o 
0.2.0 0.62.0 i | 0.25 238: 
oan One S 9 0.30 2:87 
0,30 0.711 | | 0.35 1.89 
0.35 0.662. aM 0.40 141 
0,40 0.569  . | | 0.45 0.74 
O.FS 0-333 | 0.50 0.0 
0. 50 O.000 ee 


Using a standard end integration technique with the above 
integrand gives geb. #3 3 KM 
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9.6 


9.4 | When you walk through still air at a rate 
of 1 m/s, would yeu expect the character of the 

. air flow around you to be most like that depicted 
in Fig. 9.6a, b. or c? Explain. | 


Re = UL ; where y= 146 XI Éa and V-12. Assume bel pm. 


(018) (o) 
196xl0 5 m 





= 6,95 "mI This flow has a large enough Reynolds 
number to develop a boundary layer. 
Thus, viscous effects would hot be 
important far trom your body , except 
in the wake region behind yov. 


Note The above conclusion is trve whether we assume L=/m , b=2m, 
L= 0.1m, or sume other reasonable characteristic length of 


our body. 
The flow vould be most like het in Fig. £c. q £c. 
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2.7 | 


9.7. A 0.10 m-diameter circular cylinder moves through air 
with a speed U. The pressure distribution on the cylinder’ S 
surface is approximated by the. three straight line segments 
shown in Fig. P9,7 Determine the drag coeticient on the - 
cylinder. Neglect shear forces. 






| l 8, deg 
20 40 66 80 100 120 140 160 180 


BFIGURE P9.7 


d) rnt br (peat de 


ub = -brf p cos do 


Break up the integration into he — 


three segments: 
n 0s8270 -/,222. rad where’ 
p= - 7439 nn A where Ourad. 
i.e. pi and f| = -6 


0=].222 
2) 70 $ p £100 or /.222<6 <1.7%5 rad where 
p = 8.599 -16.5 $., where 8~ rad 
ee. fl = =~6 and pl = -45 


0=/.222 0-4. 745 





and 


2) 100 "<p * </90° or L As <6 23. Hn rad where 
P z-ÁAS PA 


Thos, e 100° : 180° 
Lh = 2 br f pen a " ^ cas0 do +) posten] - -2br]I +L] @ 


where 


(con't) 
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3.7  j(con'!) 


1.222 L222 
l- JC 4 390 +3) cos0 d8 =|-739(cos@ + 0 sind) +3 sind| =0.74 
“L745 x 1.745 
i; =( (8.540 -/6,5) cos de 8. 54(cos0 +0 sind - -16.5 sin @| = -0.260 
1.222 
and 3.14 oa n 
I= (C7. 5) cos0 d8 = -/5 sin 6| = /,477 
L745 1.745 
Hence, 
Lf = 2brbozar ~ 0,260 +1477] = 0,852 br 
or with 
C s Lp 0.852br ^ _ Q.426 
D Foi ~“ E i pU?(2br) + 00 


But the aerial at 0-0, the stagnation point, is 3 a. 
Thus, + pV = 3%, SQ fhal 


C, = O16 o 0,142 





weg 





9,8 Typical values of the Reynolds number for various an- .. Animal TERN ES Speed | . Re — oo 
imals moving through air or water are listed below. For which (a) large whale 10 m/s 300, 000,000 
cases is inertia of the fluid important? For which cases do vis- (b) flying duck | 20m/s 300,000 
cous effects dominate? For which cases would the flow be lam- (c) large dragonfly 7 m/s 30,000 
inar; turbulent? Explain. < 7 (d) invertebrate larva | mm/s 0.3 
| E "n I ©) | bacterium 0:01 mm/s o 





Inertia important if Rez./ (i.e whale, duck, dragonfly) 
Viscous effects dominate if Res! (i.e larva , bacterivm) 


Boundary layer How becomes turbulent for Ke on the 
order of 10° fo J0* (7,e, whale and perhaps the duck) 
The flow would be laminar tor the dragonfly, larva, and 


bacterivm and perhaps the duck 
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9. 12 


9,12 Water flows past a flat plate that is oriented parallel to the flow 
with an upstream velocity of 0.5 m/s. Determine the approximate 
location downstream from the leading edge where the boundary layer 
becomes turbulent. What is the boundary layer thickness at this 
location? 


Keer = ĵx/0° = Ue 





-6 
X- = Sx» 5x/05 la MO ^) = i lA m 


UW 0.5 "c 
a SOX 1, (2x 107%) J 17 
S= SJAA - S [eee E Lim 


OQ. $ "(6 


= J. 72 X0 7 


9,13 


q, i - A viscous fluid flows pasta flat plate such 
that the boundary laver thickness at a distance 
1.3 m from the leading edge is 12 mm. Determine © 
the boundary layer thickness at distances of 0.20, 
2.0, and 20 m from the leading edge. Assume 
laminar flow. 


For laminar flow & =CYX ; where C is a constant, 
Thus, 


ó I2xió^m. 
C= = 


YE T fiam 


= 0.0105 or =0.0105YX where X~m ~m 


If the upstream velocity of the flow in 
Problem 9.13 is U = 1.5 m/s, determine the ki- 
nematic viscosity of the fluid. — - 


| y 
For laminar Flow d 5 yr v= Yi 


Thus, 
y = = 


LER Y CL 


5 (1.3m) 


a 45 X/0 d 


in 
S i 
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9.15 Water flows past a flat plate with an upstream velocity 
of U = 0.02 m/s. Deterrnine the water velocity a distance of 
10 mm from the plate at distances of x = 1.5 mand x = 15 m ` 
from the leading edge. : 


From the Blasivs solution for boundary -— flow on a flat plate, 


u=U fí n, where n, the similarity variable, 
= Wor Valves of ftn) are given in Gis 24 


(0.0242 ) (15 
Since Re, = we, ete = 2.68 xlo? JS less than the 


critical fie, = 5x x/0” pi follis that the boundary layer Flow is laminar. 


At x=15m and y7 [0x0 ^m we obtain: 
0.02 ¥ OD) 
m= os mi ri smy = 1% 
Linear interpolation bur Table 4| gives: 


/ 0.3938 - 0,2677) 
f = 0,2677 + (02078 c) (1.091 - 08) 


— 
= U ftn) ) =(0.02. 2) (o. 352) = 0.00718 $ 
‘lek at X,* /5m and y=loxl0°m we obtain’ 


= (Joxio? ) LLLA = 0,345 
Np = me UIKE) (Sm) T Y 





Linear interpolation from Table 31 gives ` 


" ~ (0/328 -0.0) — 
f= 0.0. + 70.8 20) (0.345 -0,0) = 0O, //#5 
Hence, 


/ | 
U, =U f (h, ) =(0.02-2)0.145) = O, 00224 4 


9-/I 


9.16 Approximately how fast can the wind 
. blow past a 0.25-in.-diameter twig if viscous ef- 

fects are to be of importance throughout the en- 

tire flow field (i.e., Re < 1)? Explain. Repeat for 

a 0.004-in.-diameter hair and a 6-ft-diameter 
: smokestack. 


Re = Yo </ o U« xX if viscous effects are to be important 
m throughout the flow. 

For standard air y -457x/56* E 

Thus , 


DJ < LSI XS” 





B , where D is the diameter in feet. 





Smokes lack : 2.62 x 10° 


UE 


M oec 


7] / 


9.17. As is indicated in Table 9.2, the laminar boundary layer 
results obtained from the momentum integral equation are 
relatively: insensitive to the shape of the assumed velocity: profile, 
Consider the. . profile. given by u=U for. y > 6, and 
u = U{1 — [fy - 3/8]? for y s ô as shown in Fig. P9. 17. 
Note that this satisfies the conditions u = 0 at y = 0 and u = U 
at.y = 6. However, show that such a profile produces meaningless 
results when used with the momentum integral equation. Explain. 





BE FIGURE P9.17 


From the momentum in nlegral equation 


ó 7 25 ; where # y= gY) = =||- (Y- ny B Ch: 


Note: & U 0 at Y«O and E | and Y=] , 45 required, 


Also, C. af 21 i-g) dY which can be evaluated for the given (Y). 
However, 


a, or Since 4- #11 "OD Jc "ES 


NN 


Y=0 
Thos, "I 
C, = 00 which from Eo (1) gives 6 =% 
This protile cannot be used since it gives £= due to 


the physically unrealistic 2 sy =00 at the surface (y =o, 
ee the Figure below. 
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past a flat plate are not exactly parallel to the Ue 


. ofthe displacement thickness, ¢*. For air blowing . 

. past the flat plate shown in Fig. P9.19, plot the ` 

— streamline A~B that passes through the edge of. 
. the boundary layer (y = 6; atx = f) at point B. 


aiga Because of the velocity deficit, U — u, s | | - "e TES 


in the boundary layer, the streamlines for flow 


plate. This deviation can be determined by use 1 m/s 





That is, plot y = y(x) for streamline A-B. As- | FIGURE P9.19 


. sume laminar boundary layer flow. © 


gb (1B) (4m) 
Since Pep y= DU. = 2, 74 x J0? < 5 x J0?. the boundary 


layer flow remains laminar along the entire plate. Hence 


46X/0' -—- 
ó = 5 7 or à, -5 | ie = 0.0382. m 
5 


The fwrale carried by the actual boundary 
layer is by definition egval to that carried by 
a uniform vel ocaly with 


by an amount d^. Since there is no flow 
through the plate or streamline A-8, 


Oa - (Jb, or U y, = (bg-5g)U 
where d^ 1121- 


VK 





Vo. ly 
or dik a | 
bn = /,72! sea Eile = 0.01315 m 
(S 
Thus, 


Ya = de - da = 0.0382 m ~ 0.01315 m = 0. 025!m _, streamline 
Hence, for any x-location | 


oa Q or Ln Uly - -d) 


F y= ya P ae y +172) {> 
la Be 





Z 


= 0.0251 m th724 m. z0,025l t 6, 58/0 1X a 
o 04 oe 

0.035 - 
0.03 
0.025 4 
= 0.02 
0.015 








9,20 Air enters a square duct through a 1-ft 
opening as is shown in Fig. P9.20. Because the 
boundary layer displacement thickness increases _ 
in the direction of flow, itis necessary to increase, - 
the cross-sectional size of the duct if a constant 
U = 2 ft/s velocity is to be maintained outside 
the boundary layer. Plot a graph of the duct size, 
d, as a function of x for 0 < x = 10 ft if U is to 


remain constant. Assume laminar flow. mE | | FIGURE P9.20 





For incompressible flow Qo = Qx) where Qo = flowrate into the duct P 
sd = VA, =(2 2) (1) =2 5 


QU) UA, - where /] - (d -265") is the effective area of the 
duct (allowing for the decreased flowrate in the 


boundary layer), 
Thus, 


2 Li 
Qo-U(d-24) or d» If*24 , (1) 
where 4 $42) v LA 
g= 1,72 HT = /,721 Betin LA = 0,0152 YX fi, where x~ ft 
5 


Hence, from £q, (D) 
d= |[*0O.0304 Vx f1 


For example , d=! fl al x-0 and d= 1.096 fl at x» Joi, 
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. 921 A smooth, flat plate of length £ = 6 m and width b = 4m 
is placed in water with an upstream velocity of U = 0.5 m/s. 
Determine the boundary layer thickness and the wall shear stress 
at the center and the trailing edge of the plate. Assume a laminar 


boundary layer. | 


—— -6m* E 
cH — 3 | 
5 5 [EX = 5 (xi S ) X_ = ZAg8xJ0 VX m, ip open 


0.5 = 


and -3 Wes 
T, = 0.232 U jE =0.332 (o. s2j^y (999 pa) (112X UIN mi) 


0.124 
“Tx Pa , where X~m 


Thus, at X^ 8m 
do 0.7 = 0.07/6 p 





Vz 
while at X =6m d = 248x/0^ VE = 0.0182 m 
D 0.124 B ~N 
a E = 0.0506 m 
4-6 


5 =7,48x10 VF = 0.0130 m 


T 


9.22 | 


9.22. An atmospheric boundary layer is formed 
when the wind blows over the earth’s surface. 
Typically, such velocity profiles can be written as 
a power law: u = ay", where the constants a and 

n depend on the roughness of the terrain. As is 
indicated in Fig. P9. , typical values are n =` 
0.40 for urban areas, n = 0.28 for woodland or. 
suburban areas, and n = 0.16 for flat open coun-- im 
try (Ref. 23). (a) If the velocity is 20 ft/s at the 190p E 
bottom of the sail on your boat (y — 4 ft), what 
is the velocity at the top of the mast (y = 30 ft)? 
(b) If the average velocity is 10 mph on the tenth FIGURE P9.22 
floor of an urban building, what is the average —X ———————— AQ 
velocity on the sixtieth floor? 


E 300 


a 





(a) U= C y?" where C js a constant 
0.1/6 


This, u, [fy | P 
[X ol ft 30ft\ _ 1 


J 


(b) u^€ y" , where C js a conslanl 


Thus, (la. Yo 0.40 0.4 
| dl» E 60] 





P 9.24 A 30- -story office building (each story is 12 ft tall) is 
‘built i In a suburban industrial park, Plot the dynamic pressure, — 


pu 2/2, as a function of elevation if the wind blows at hurricane - 
strength(75 mph)at the top of the building. Use:the atmospheric 
boundary layer information of Problem 9.2.2 


From Fig, P 9.22. the boundary layer velocity profile is given by 





ie y or U=C y where C is a constant. 
0.28 
Thos, EA =(+} U, = 75 mph (S8. )= - Jo tt 
l 

on. y 0.28 

u = nof% ) H where y ^ft 
Hence, es 

L ou*= = $(2.38X/0 es f 

r i 0.56 
£e n (aby) oe where yott 








This is plotted in the figure below. 





9.25 


9.25 Show what for any fenction f= f(«s) the velocity 
components 4 and v determined by Eqs. 9.12 and 9.13 satisfy 
the incompressible continuity equation, Eq. 9.8. 


Given u= U fin) , y= “(tr Bel. moron 
where y= Bly and ( y = 


— thot 24 x xU =O for any m 


4 n 
au yl Ki m where A - Uy x? 
i y% 
a y t^ 
s vr odes] =~ Ls a 
y of 7 
(3 =) [2 tn ES à» 
NaN 
^7 rA 
- (#2) [nF " , where W% - ($e) 
Yl enfe Di U* y [^ 
x) PG) = 2x5 y* ys (2) 


By combining Egs. (1) and (22 we see that 
2. iy =0 tor any function fp). 
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9, a6* Integrate the Blasius equation (Eq. 9.14) 
numerically to determine the boundary layer pro- 
file for laminar flow past a flat plate. Compare 
your results with those of Table 9.1. 


Solve the following third order differenti equation by a 
numerical integration technique: 


2F"+ff"<0 with boundary conditions | 
[-P-0 d 3-0 and f—1 as poo (O= H) 
Write this third order equation ac 3 first arder equations and use 
a Runga- kutia numeri cal technique lo integrate thom. Thus, let 
yet, yete "a ears =} , and y,= f” d ff ^ y 
That js: | EE 


y =y 
Y =} and 
^ CES 


These can be qoproxima led as XE 

AY = 47, Awe hay , d Age Cni 2)ah 

Start with y, JEO at 5*0. Assume y, =C alh=0 (where Cis 
some given constant) and“integrade to 299" by y; = yw p 


If Vol) s / (Zo, f oo) #/) adjust the Valve of C (és. Fto) and 
ity again. Tho d point bondary valve problem (če, ffe l1» 0 
and [1e)*4) fy solved b y Heralion as an intial valve problem 
(ze, ft) «f 19-0. f 7o) * C). 


A step size of AÑ =0.01 was Used, with O «7^ T. That ps, 700 
steas were Led. A valve of C - 0.332. was tomd to give fo) «I, 
or actually f'r7)-/.. This valve of € and the corresponding 
velocity profile, =} fn), shown on the pex! page agree very 
weil with thestandard valves gen nm Tale GI. 


(cop t) 
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9.26 


(con't) 


eta 
0.5000 
1.0000 
1.5000 
2.0000 
2.5000 
3.0000 
3.5000 
4.0000 
4.. 5000 
5.0000 
§.5000 
6.0000 
6.5001 
7.0001 


+4 


Ts 
toa 
.47E-01 


+6 


T9. 
Ts 
TI. 
.3058*00 
t3, 
T3 
+3, 
+4, 
. 78E+00 


+2 


+4 


TO 


f 


.07E-02 


65E-01 
68E-01 


93E-01 
39E+00 
8 3E+00 


79E+00 
28E+00 
78E*00 
28E+00 


28E+00 


+1 


+7 


+9 


+9 


€t 
LS 


.66E-01 
Faa 
t6. 
TÉ. 
9415701 
+8. 
*9. 
T9. 
.80E-01 
Ts 
T9, 
.99E-01 
ls m 
T3103 


36E-01 
87E-01 
30E-01 


4&7E-01 
14E-01 
56E-01 


92E-01 
97E-01 


QOE+00 
OOE+00 


+3, 
+3. 
+3. 
og 
t2. 
$us 
+1. 
tE 
+3. 
kia 
T6 
^2. 
+7. 
+2. 


a 
J1E-O01 
23E-01 
O3E-01 
6706-01 
17E-01 
61E-03 
07E-01 
38E-02 
3@E-02 
56E-02 
&1E-03 


32E-03. 


36E-04 
O6E-O04 
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2.27 


9,27 An airplane flies at a speed of 400 mph at an altitude 
of 10,000 ft. If the boundary layers on the wing surfaces be- 
have as those on a flat plate, estimate the extent of laminar 
boundary layer fiow along the wing. Assume a transitional 
Reynolds number of Re,, = 5 X 10°. If the airplane maintains 
its 400-mph speed but descends to sea level elevation, will the 
portion of the wing covered by a laminar boundary layer 
increase or decrease compared with its value at 10,000 ft? 
Explain. 


Al 10,000 ft: 





| _ U er lh 5280 ft\ = | fi 
i Kerr = V 3 where U- voonph (sse) E mr) RN 


4 03534X0 FÈ 
and from Table Cl, y = e L756 x10 ^ slog 


j^ B. 
: = 2.01x/0 
; 5 
Hence, with Key. = 5X , , 
V Reyer (2.01x10* Æ) (5x105) 


Xpp eo 60.7 f 
ud U 587 f HELLE 


At sea- level: 
(b) Re, = U Xer "m U - 400 mph [ioc hr al hte) Szeom 587% Mo 


Y 3 008 mi 
and Y-7/4857xl0* dr 
lines 
7 Ree (1.57 x10. 4 )(sxio* ) 
Kop = Tp a7 EO = 0. 2194 ft 


The laminar boundary layer OCCUPIES the first 8. 134 11 of the 
wing at sea level and (from part (a) above) the first 0.171 fl 


al an altitude of 10,000 ft. This is dve mainly to the lower density 
(larger kinematic. viscosity). The dynamic viscosities are approximately 
the same. 2 


Lo 


Merge 
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9.29 A laminar boundary layer velocity profile is approxi- 
mated by u/U = [2 — (y/8)(y/8) for y s 6, and «u = U for 
y > ô. (a) Show that this profile satisfies the appropriate bound- 
ary conditions. (b) Use the momentum integral equation to de- 
termine the boundary layer thickness, 6 = 6(x). 


(a) $-2930)- 2Y-Y° where Y= y/d 
Thus, tl = "m 9 = 2-/=] or U-U at y-d 


y=0 
as i} must. 
Als, $4 = 0[ 2-2] so ; that rhe 7"; -#1- 20 


at 
(b) From the momentvm integral aqvation 


d= ETSI , Where C, * - ( (I4 and Ca = Æ | 


pe 
Ths, 
C, = ( @Y- Y*)(J-2¥+¥*) AY = - (av -sYey?-Y*4Y 
=/-£+/-% = 
and 
C, = (2-2y| =2 
so that dh 


ESL La ]3e7x 
d~ ES 7m ~ y 
Hence, with Ke, = Ux ; 


§ RO _ 5&4 
X ^ We, — TRex 
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9.30 A laminar boundary layer velocity pro- 
file is approximated by the two straight-line seg- 
ments indicated in Fig. P9.30 Use the momen- 
tum integral equation to determine the boundary 
Ef thickness, 6 = d(x), and wall shear stress, 
t, = t,(x). Compare these results with those in 
Table 9.2. 


| 
| 
| 
| 
| 
{ 
| 
| 
| 
| 
f 
f 





0 2U y 
mates 3 
- . FIGURE P9. 30 
From the momentum integral equation 
— 
aC, VX 
is 7a j where C, -(g(1-g)dY and = 4 (1) 
O Y70 


" # =9(Y) with ore 
For 0«Y«2 , g= a +b,Y with the constants a, and & obtained trom 
g=% at Te and 970 dl Y-0, Thus, a= =O b= FS 
or g= = {Y for Os Ye d 


Hence, C, = 4 2) 
Similarly, for Z<Y<] , 4274,*b,Y with g7 $ al Y-Z and 
g -] at Y=] 
Thus, 
& =a, + $b, and |*44*b, which give 4^ $3, b= = 
T Peer for #<Yel y 
Hence, = {all 3)dY = [iro £1)4Y fee $3)074-2Y3)4Y 


“Hf torera +4 (rani Y)4y which upon integra- 
A ~ lie) gives 
C, = 0.157% (3) 
By combining Eqs. (1) (2) andl® we obtain 


[4 tye 
ó = ee wi] - 412} or 4 Re -42 


Also, 
r AY = HAUL Thee _ V2 (0.1574) (F) _ 0.648 
Ww ó 2 z 36 | f yR y Rex YR. 
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9,31* 


Tws N/ m^ 















9. 31^ Fora fluid of specific gravity SG = 0.86 
flowing past a flat plate with an upstream velocity 
of U = 5 m/s, the wall shear stress on a flat plate. 
was determined to be as indicated in the table 
below. Use the momentum integral equation to 
determine the boundary layer momentum thick- 
ness, O = O(x). Assume O = 0 at the leading 
edge, x = 0. 


Since "y = pU ^de il follows that d@= zu dx 


which can be integrated to give (using € 70 at x=0) 


x X 
2b. (j | 
di ev" S dx (0.861000 82) (5 24 {Te dx 





or e ‘ " 
A= 465x10 IE dx RA 
O 


where € m, x*m, and ty” z 


J 


(I) 


For Os Xs 2.0 m, integrate Eg. (1) to elelermine O as a fonction 
of x. Todo so, we need the valve of % at X=9, which is not given 
in the table. Theoretically, n=% at the leading. For our purposes, 
based on the extrapolated curve below, assume {y= 22 fà at X=0 


x (m) t, (N/m?) 
0 "n" 
0.2 13.4 
0.4 9.25 
0.6 7.68 
0.8. oo aOIl 
1.0 5.89 
1.2 6.57: 
1.4 6.75. 
1.6 6.23 
1.8 5.92 


2.0 | 5.26 
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9.35 Water flows over two flat plates with the same laminar free- 
stream velocity. Both plates have the same width, but Plate #2 
is twice as long as Plate #1. What is the relationship between 
the drag force for these two plates? 


PE I —4 >| 
= Co zeU A vo [Wes 
] hus E 5 ear 

j ; 
A = C, teU Jur —— d 
ap 


d, =C zoU (245) or 


A _ Coz (2bur) _ 5 Coz 
ol, Cy, ba Cj, 


(1) 
For laminar flow on a flat - 
"Et" whore Rey= UE, so thal G = 2282 
D Rs, , Where So Er 
Thys, 
Coa — (1.32897 Aid 
E (- Yvon lC af D yz (2) 


Hence, trom EQS. (1) and ( 2) 


iD, 
—À = l - f / 
" 2/Tz = LT 
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9,36 
9.36. Fluid flows past a flat plate with à ding force Sy: if the. 
rer or smaller than 9, and.by whatamount? — 





P -0.4 pU A 
Lf you assume thar the doubling of U, which will 
Change fe, Jees not significantly change Cò (see Fig. 9,22), 


th 
ý Da. B Cy FpU A oo 


Je l kpr A UE Whee W-AU 


So 


/ 
Pos = y JJ, 
= Re 
plate normal to flow 
Note? 
If the plate is parallel 1 
ine tlow, ther C, changes SEF 
with Ke. See Fig. 9,22. plate paralle! 1o flow 


Thus. N 
D, z Cy U Oy Bu 
7A ps 2. 


so that a numerical answer 
could nol be obtained without Re 
additional dala abovt the valve 


of Re. 
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9.37 LN is placed in an ait flow with a. à given vélocity aad 


Dw = fe. where pw 77 pa 
tar? Be 











Tt should be noted that sace fee - YE, matcha 
yy and vz Would be diffteult. Therchore ; depending 
on Share and velocity, the Co Values may nof actually 
he the same. Hovever, this difference would be small 


Compared £o Jhe CeAsiry difference, 
Note: M standard conditions 


" 2o. 19% sl Jus ff p 
Cy — 2.39XJ0 ? slugs / He ~ 9/5 
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1.38 


9.38 The drag coeficient for a newly designed hybrid: car is 
predicted to be 0.21. The cross-secttorial area of the car i$ 30 Te. 
Determine the aerodynamic drag on the car when it is driven 
through still air at 55 mph. 








D = Co 29 V A 

uU = T5aph x SEE - 32.7 "15 
B 0.21 (4) (0.00738 tius) (80.1%) (Ft z) 
D = VES Db 


ael E RA E a a 


9-2.9 


23] 3 





LF ia eguilbrium, at Guttoat velocity, ther " 
Ws 42 
CS = fpv^A 
- _200N 
EBLA T) 
Cy 7449 





Derren eere GEMENS P aan 


The taclo den was asto to solve 


this problem. — daring the drop ; 
P will be Cha but the Changes 
are relatively M" id. 


Q-3p 


9,40 A 50-miph wind blows against an out- 
door movie screen that ts 70 ft wide and 20 ft tail. 
Estimate the wind force on the screen. 


AD = Cy zpU “A, where from Fig, 9.22. 





th 
7 boi on T =3,5 we obtain Cr = LIS 
Hence, 

2) sls mi (5280) 
Kn tus (d 0.0238 sjo a) A 


° B= 10,300 Ib 
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9.41 The aerodynamic drag on a car depends on the “shape” of 
the car. For example, the car shown in Fig. P9.41 has a drag 
coefficient of 0.36 with the windows and roof closed. With the 
windows and rcof open, the drag coefficient increases to 0.45. 
With the windows and roof open, at what speed is the amount 
of power needed to overcome aerodynamic drag the same as it 
is at 65 mph with the windows and roof closed? Assume the 
frontal area remains the same. Recall that power is force times 
velocity. 





Windows and roof | Windows open; roof 
closed: Cp = 0.35 open: Cp = 0.45 


& FIGURE P9.41 


Power = Pa FeV 
The force is the drag force. Let ( ), and ( ), denote closedand qpen. 


D=- apu "A 
We. want to fad U5 whea P = P 

P, =U Bo = EPUA Co. = Re =U D: = p EA O 
The Fronted areas aee the Same, So Ao Ae 

U Coo = Ue Coe 

t-te « Ces) ( 85) 


Us =60.3 mph 
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ql] 
9.42 A rider ona bike with the combined mass of 100 kg e 2 
a terminal prd of i5 nis ona - sof i E Assit v at it jé 





tad O = l hoo =0.12 


O= 6.2? 
sin =0.119 





La equili briua , SE=O 





£ Fx 20 

Wsm @ = Pa =C) 2p UA, where Wem = (100 by) (f $/ e) 
_ Wsu e = 781N 
` Tpu 7A 


- (981N) (2.11 9) 


* Haase use (0. n) 
o BA 
Look at Fig. 7. 30, DU A amd CA , he rider 
IS sd dl) ain 
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= O EUA 


hk 1S nots x Se = 159, 3°06 
[fe -YD . (i723 f) ( ££? f+ 
y ati nn -209x/o0f 


[-$1 x/07* AR 
Fron Fig. v. 25. Gad assuming On emooth Sphere, 


Ca = O G 
B -0.5 (Eoso tg) 3K (FEES) 


D 2 0.50606 


| APTE p ea e ia A OE 
reece EN s dd 
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For power, P-rEV 
F-D =C zp UVA 
For the aspect rafio, D* gv amd faðm 
From Fia. y 
4 £y, So Q42*039. 
Bre 0. 97 (2) (1999) (14) F al?) 
D= 21 FIM 
P = QU = (241311) (1%) = 85,900 W 
= $5.4 kW 





Note: The above by * 0.865 assumes that the log T 
esenti al/y submerged and wave Main 7 /^s po} 
an important contrib vjion to the drag. 
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9.45 A sphere of diameter D and density p, falls at a steady : 
rate through a liquid of density p and viscosity ze. If the Rey- ` 
nolds number, Re = pDU/p, is less than 1, show that the vis- 
cosity can be determined from w = gD*(p, — p)/18 U. 





For steady flow Z: f; =O 
or 


ol} + Fo =W j where fz = buoyant force = eg Y = eq(4)n(2y 
W = weight = ag ¥ = ag (&)r(2.) 
and of = drag uj ze zb. or since hel 
= 37 DUA 
Thos, | 
smb eg($)n(2) = egla) 
which cam be rearranged to give 


2-2 D^ (.-9) 
|. 18V 
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9.445 The square flat plate shown in Fig. P9.N6ais cut into | 

. four equal-sized prices and arranged as shown in. Fig. P9;H6Gb - y 
Determine the ratio of the drag on the original plate [case (a) 

to the drag on the plates in the configuration shown in (b). 
Assume laminar boundary flow. Explain your answer physi- | 
cally. 








BFIGURHRE P9. 4G 
For case (a): 





Æ. 2 _ 4328 = 432 | 

nd zeU Cy, A where Opp = Tha T and A= f? 

hus, | 

aid: UMP d b= o. «n oU y f^ i (n) 
For case (b): n , » 
Thus, : 

D, = z0U Tar f = Es «iei | (2) 
By comparing Egs. (I) and (2) we see that 

hp = 2. o bh, 





In case ( (8 the boundary layer on the rear plate is thicker than on 
the front plate. Hence the shear stress is less on the reap plate than 
it is on that plate in configuration (a), giving less drag far case (b) 
than for case (a), even though the total areas are the same. 


O 
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9.47 If the drag on one side of a flat plate 

‘parallel to the upstream flow is D when the up- 
stream velocity is U, what will the drag be when 
the upstream velocity is 2U; or U/2? Assume 
laminar flow. m 


. For laminar flow P eU CA, UE Gig /,328 

hos, 7T BRE 
— - L32 m" VW 27 34 
d= 2 eU a = 0.664 Pe U 2 7s 


iT 





Hence, 
of, A 
U Pe 
Day us” hu 0965 
and ^ | 
ag U = 0.354 of, 


nee, or 
yu ( g)” Y2 





9.8 | 


9,49 Water flows past a triangular flat plate oriented paral- 
lel to the free stream as shown in Fig. P9.M9 Integrate the wall 
shear stress over the plate to determine the friction drag on one 


side of the plate. Assume laminar boundary layer flow. Uz02 ms 
EG 


1.0m 





ap | nnam 


B FIGURE P39.98 y 


Lt = (Ty dA where Ty = 0.332 0% [82 


Thos, 
d = 9.3320" ^ puc | x A, y -0,5-x 
- 0,3327. a o f d 





f 
S 
Uo 
à) 
N 
CP 
~d 
N 
R| 
oo 
bos. 
e 
um 
x 
= 


% | 
= 0,664(0,2) 92.3 (142x] "Ms ) | fos ~F(0.5) | 
or 
NU = 0. 0294 NV 
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9.50 A rectangular car-top carrier of 1.6-ft 

height, 5.0-ft length (front to back), and 4.2-ft 
width is attached to the top of a car. Estimate U=60mph - 88 5 

the additional power required to drive the car — ———* 

with the carrier at 60 mph through still air com- m 
pared with the power required to driving.only the | PAKS yd 
car at 60 mph. pw 


D= C, XoUA and “P= Ud] = power (D) 
From Fig. 7.3! wit {= TSH = 3.13 we obtain C, z/3 
Hence, 


D - 1.3(4) (0.00238 S ns n)(«2fX88 €) = 80.5 I 


Thus, from Eg, e), l 
D lag ft) Jhe 
E -/88 i-)(8o.5 ib) E50 HB 129 Ap | 


Lti 
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9.5] As shown in Video V9.2 and Fig. P9. Sla a kayak 
is a relatively streamlined object. As a first approximation 
in calculating the drag on a kayak, assume that the kayak 
acts as if it were a smooth flat plate 17 ft long and 2 ft wide. 
Determine the drag as a function of speed and compare your 
results with the raeasured values given in Fig. P9:5/6 Com- 
ment on reasons why the two sets of values may differ. 


For a flat plate f= Zev C, A pons ] 


A= I7ft(2 ft) = 34 fI and Ge isa function of Key= F w 


Iz i, = ó 
Rey = gs 7/40 U 


Consider / «Us g fi , or 140X/{0 f < Re, </,/2x10" 
From Fig. 7.15 we see that in this Rey range the boundary layer 
How is inthe transitionat rage Thus, from Table 7,3 
Cy, = 0, 455 / (log Rey) - 1700 / Re ; 
By Mn Eqs. (1), (2) and (3): 
4 (1.94 SE) TC, p GP) or 


= 33.00 fo uss f ( log l 1, 40x/0 67) = =i "V (7. 40 X/0 ‘0)| 
The results from this equation are plotted below. 


0.0986 
0,410 
0.904 
158 
2.42 
3.43 
454 
5,90 


theory 
(Eg. (9) 


E FIGURE P9..51(b) 


Kayak speed U, ft/s 


OU, fS | ð, Ib 





(2) 


(3) 


(4) 


9.52 | | | | pa n T | 
:9.52 A 38.1-mm-diameter, 6.024 5-N table tennis ball is re- | 
leased from the bottom of a swimming pool. With what velocity - 
does it rise to the surface? Assume it has reached its terminal 
velocity. 


AU dia, D=38am 
- dnb rise z B= 


Es Wo where Q= = drag =O, +U E 
W = weight = 0.0245N . 


water 
He 





- 3 

E, = buoyant force = SY = F(z) 
Thus, 
p = Ws Gd eu go 


(480x104) #2 (920381 Yn = 0.0245NM + ZC, (444 54. > JU E 038Im)' 


or 
C, U^ 20455, where U~ 5 a) 
-UD g 
Also, Re = ^ 
M U (0.038) m) 4 
Re = dugzxj me mi = 8,40 x/0 U, where U = £ (2) 
A y | 
Finally, Írom Fig. 7221: à xn- | (3) 


= Trial and error solution: Assume G. obtain U from Fg (1), Re from 
Eq.(2) ; check Cp from B (3) , the graph -~ 

Assume C, * 0.5 — U = 04542. — Re = 3.24110 —9 C, = 0.4 + 05 

Assume Cpy=0.4 —> Y= 1.06 A —» Re = 3.62a/0. — Cy =0. 4 (checks) 

Thus, Y= 106 = 


Note : Becavse of the graph (Fig.9.21) the answers are nol 
accurate to three signiticant figures. 
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9.953. To reduce aerodynamic drag on a 
bicycle, it is proposed that the cross-sectional 
shape of the handlebar tubes be made ''tear- 
drop" shape rather than circular. Make a rough 
estimate of the reduction in aerodynamic drag 
for a bike with this type of handlebars compared 
with the standard handlebars. List all 


assumptions. 
For a slandard racing bike f= C. C eU A, bs trom Fig. 7.33 
Thos, = 1b pU* | G, ,7 088 , /«3.9 H? 


For the modified bike assume Lp, = oi. "d Y T here (1) 


4A = drag from standard circular cross section handle bars 


d = drag from tear-drop shaped handle bars. 
That is, 

ob), = Cp 2 + eV By and d = Cu 2 £pU A, where the handle bars 
are dud to be ifi long and lin. in diameter. (ze » Ay * 3 "i f1^) 
Typical Cp valves are C, 7 | (79.9.23) and Cy, = 0.12. (Fig. 9.21) 


Thus, Eg lI) gives = Hé pU t HE )eU (E) or (1)pv* (t) 
= (J. 716 - 0.0367) 9 U* 
or 


CG, ~ _ 4716 eU - (L7H6- 0. 0342)pU* "m 


2 
A L716 eU 


4e, areduction in drag of 
approximalely Z percent 
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9.54 A hot air balloon roughly spherical in 
shape has a volume of 70,000 ft and a weight of 
. 5001b (including passengers, basket, balloon fab- 
ric. etc.). If the outside air temperature is 80 °F 
and the temperature within the balloon is 165 °F, 
estimate the rate at which it will rise under steady 
state conditions if the atmospheric pressure is 14.7 


psi. 


For steady rise Sif =O, or Rea wel? 
where 


-aĝ =drag =C teU Rb 
E. = buoyant force = SY — 
MW = total weight = 500 lb +, Y m 
| -L = (147 fà ) (12, Be)” "-— slugs 
Mow E RT (175,5 8) (469+ BO) R nad fi" 


Ma pg = (0.00229 5885) (32.2 K )=0.0736 P. 





an d , ib in. £r. 
dis" ES ros UA = 0. 0656 fis 
| in (170S Sih) Note: “ines the balloon is 
"M | D\3 open ai ihe bottom, the 
Thus , wi th Y =ru = (2) | pressure within the’ balloon 
"on Da Stel ft we obtain LN fhe same as it is 
outside. 


i= C, z(0.00229)U F (51.1 y 
= 2.36 C, U^ lb, where U^ ft 
Also, | | 
M7 soo «(0.0536 #22)( 79.000 H°) = 4952 Jj 
7) 
Fa 7 (0.0734 1)(79 000 f?) = 5/52 lb Thus, FE, =Wt DP gives 


5/52 Ib «4952 lb + 236GU^ or GU = 89.7 e) 

Also, Re = 97 ° P | 

OR go L "nU = 3 25x/0” Uf (2) 
€. psz E. 7 


and from Fig. $23 d eei | | (3) 


" Re | 

Trial and error solution: Assume C: obtain U from £g. (D), Re trom Egt; 
check Cp from E9.€3), the graph, ' 

Assume Cy = 0,5 —» [J= 13.0: i — Re = 4, Z3 x/0° — C = O.24F 0,5 


Assume Cy =024—> U =18,8  —e Re = 6.11 x10°—» C, =0.30# 0.24 
Assume C,» 0.30-> U/6,8 € — Re =5.46 n0 —> C, = 0,30 (checks) 





qt 


9,55 It is often assumed that "sharp objects 


blows from right to left than when it blows from 
left to right. Experiments show that the opposite FIGURE P9.55 
is true. Explain. 


can cut through the air better than blunt ones.” | } SN | 
Based on this assumption, the dragon the object Wy 
shown in Fig. P9,S2 should be less when the wind i 


A signiticant portion of the drag on an object can be from 
fhe relaiively low pressure developed in the wake region behind the 
object. By making the object streamlined lce, tlw from left fo 
right, not right to left in the above figure) boundary layer separation 
is avoided and a relatively thin wake with low dra ys obtained. 
Whether the front of the object is Sharp” or “Hont does not affect 
the contribution to the drag from the front part of the body —ai 
least not as much a the width of the wake affects the drag. 
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*9.56@ The device shown in Fig. P9.56 is to be designed to measure eee i 

the wall shear stress as air flows over the smooth surface with an = SSG \ an TRIN CHEN SOR 
upstream velocity U. It is proposed that 7, can be obtained by d 
measuring the bending moment, M, at the base [point (1)] of the 
support that holds the small surface element which is free from 
contact with the surrounding surface. Plot a graph of M as a 
function of U for 5 = U x 50 m/s, with € = 2, 3, 4, and 5 m. 





BEFIQGUHE P9.56 


Since the length of the measuring surtace is much fess than ifs 
distance from the leading edge (t:e, Smm<<h) we can assume that 
the shear stress is essentially constant on that surface. x A 


- M= GAH 
| I 


© M (sxo m (10/93) T; =2, 5910 Ta Nm H RS 7" 
Mn do^ DA | bg 
The flow will bé laminar or turbulent dimid | 
whelher Rie, < 5 xJ0* or Rey > Sx/0* , where Reg= DL and PI xpo . 


S/nee Reg us Geer. = 6.84 xI fhe flow is always turbulent. 


A Iso, SINCE 


Ret, = CEP SEE par! il falus from Table 9.3 that * 


0.370X _ 0.3704 y's 


| . ApTrA/ V 
ty = 0:0225 pU (E where á7 Re Gage 
That /s, 


ku o4 -— of 
Ty = 0.0225 QV Gosar] = 0,0225 p U Sy ^, ” (0.370) ^ 
or l 


Ty = 0.0225 (1.2349) % Oy wars EESE (0.37004 
= 3.83 X/0 315% p-k MK where U~#® and PM 


m> / 
Thos, from Eg, él) f 
M =(2. 5x07) (4.34x/09) U sg % = 957 x5 "p A 4% 


The values of M are calculated and plotted for 5#Uss0 2 | 
with l= 2, 3, 4. and 5 m. 


(con't) 
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(con't) 


9.56 


N.m 
*t1.314&E-O8 
*4.576E-08 
*9.459kE-08 
+1.594E-07 
#2.381E-07 
*3.306E-07 
+4,363E-07 
+5 .549E-07 
+@.859E-07 
*t8.292E-07 


4.00 m 
M, 


U, m/s 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 


For l 


M. N.m 

510E-08 
T5.257E-08 
*21.091E-07 
T1.830E-07 
+2.735E~-07 
+3.798E-07 
+5.012E-07 
+6.374E-07 
+7.879E-07 
+9,525E-07 


2.00 m 
Tl. 


m/s 

5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
&Q.00 
45.00 
50.00 


For 2 
U, 


c cocogtrtr-r-t- 
OcOOOoOOcOoOooOo 
E1 I ElI yg | 
e fx) fx) [zd Fed fx) fx) 
"ZZ Uo - 3 r0 
Ee u) Cc 0 Q r- «0 
NM ONNA 
Oz e e e o e e 
O rit Od (c9 OD 
° ++—t+t+t t+ 
Ww) 
ui 
li1wOoOOOOOO 
E£oooooo 
c e « t w e e 
»-u)oOouOouOg 
tir c3 ANN 0D 
Q 
pa 
c cor-t-rt- 
OOOOcoOooOo 
Z i I I l i I 
fx) fx) fx) [r3 fx) [3 
"ZO Uc X0 («C03 
E c3: 0 0900 
« (7 € O Oo wu 
O Éz e e e o e * 
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9,57 A 12-mm-diameter cable is strung be- 
tween a series of poles that are 50 m apart. De- 
termine the horizontal force this cabie puts on 
each pole if the wind velocity is 30 m/s. | 


D-/2mm 
F = force on one pole a a. 


where =C, dpU A gezak d "— | 


Since fie = A? = mma =2.47x10" if follows from F9,9.23 
PT RS 





that _ $ | 


33 K 2 B | 
p^ 0*4 . Hence, fp” o. (4) (123 54, (308) (50m)(0.012m)= 133 y 
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157 


: pm (6 Xx 10-5 m) diameter fall through the air. 


9.59 . How fast do small water droplets of 0.06- 


under staridard sea-level conditions? Assume the 
drops do not evaporate. Repeat the problem for 


stándard coriditions at 5000-m altitude. - dja. =D z6X/ o*n 





For steady conditions, 0+; | | tv 


where if Re =F <l | 
= drag STDUA Ase, W= fee m $T(2Y = weight 
and p ¥ = Yin T(R) = = bryant fore 
ag f P H E Can E. ^l bey! force. 
ST OU u = by sz oy Or y = Tuo | (D 
At sea level ^ = 1,789 X/0* us so that 
_ (280x10 a) Exi P mÝ 
~ 78 (.7agxi6° Au) 


(i. in 0? B) (Exi êm) 
Note that Res Up 5 ELS 


= J Jox” 


= 452 x" <<I go the use of 
the low Re drag equation és valid. 


At an altitude of 5000m , e =4628x10 ^ Ae and fram Eg.) 


. (7 BOxIO 18 )(4 x10" m). 


-7 M 
- =/20x/0 — 
— I8(L620x10 5 I) o s 
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2,51 


9.59 Astrong wind can blow a golf ball off the tee by pivoting it 
about point 1 as shown in Fig. P9.59, Determine the wind speed v 
necessary to do this. 


Radius = 0.845 in. 


Weight = 0.0992 Ib 





" FIGURE Po.53 
When the ball is about to be blown 
rom the tee the free body diagram 


is as shown, Hence by — moments 








about (I): — 
GM 20, or WL = Br 
Thos, | : 
(0.0992 6) (0.20/n.) =e (9.821 mn.) 
or v 
Le 0.02421 , where A Gto mr T b dg d 
Ths, ; _ 
pO MD 
or ? 
Cy u“ =/305, dn yo | |. (0) 
For a sphere" co =C; (Re) (see Fig. 3.18) where (2) 


Re= 022 = (a.0228siga/HB) (10088) 260 


3,472810? (Ib s/ ff^) 
or 


Re =966U, where Yj £t (3) 
Trial and error solvtion: 

Assume Cy =0.% so that trom Eg. M), U=5 7723 and 

from E902, Re = 96£(574) = 5.52 xio. Thus. from 

Fig.9.18, C= 0.25 £0. 40 dese 


Assume C, = 0.22 $0 that Y= 77. o£ Pand. Ke = ze xo 
Thus, From Fig. 9.18, Cp = 0.22 Checks 


Hence Ux 7252 








s golf ball (i.e. with dimples) 
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9,60 A 22 in. by 34 in. speed limit sign is supported on 
a 3-in. wide, 5-ft-long pole. Estimate the bending moment 
in the pole at ground level when a 30-mph wind blows 
against the sign. (See Video V9, Ds List any assumptions 
used in your calculations. : 






For eqval rhrium i aM, =O or 
Mp = 2.54 i, 1 (5 t 4Z)fl dh , where 
Wp = drag On the pole and ee = drag ON the SQN 
om Fig. 9,28 with Mb «0,1 for the sgn, 

0X - /, 1 Dt 

From Fig. 9/9 if the past acts as a Sovare. — 
with sharp corners Ap" =2.2 Thus, with U= 3omph = 44 ff. 


de O, Aa = $ (0o03 Bo eru (Ba oa 
and 


| dp =$ 07 Cy, Ay = + (0.00238 ae) (ee y (2. 2)( 73 zl (5) 4 ‘) = m i] 
— Thus, from Eaq.(1)* i 
My = 2.5 ft (&-3*15) (s )n (22. 76) = /62 dH o0 





M 


Oe es ——————Ó——nt n E 


j 
v9 ^M ars 
— ree A 


2551 





9.6 Deteniins the moment needed at the base of 20-m-tall, + D 
. 0.12-m- Mincir fing poleto keep it in place in a 20 m/s wind. | | | 
D E E Eas | U 


pede 
. i, E E (20%) (0.12m) 


| éx TEES - 464 XIo? , it follows from Fig. 221 


that C= 12 
Thus, B= 1.2 ($)(123 2 00$) (20m)(0. /2m) = 708N 
Hence, a Eg.) 

M= 2?" (708M) = 2080 Nm 





Bored Joao cx o At LP oem s 
H 
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. Fer equilibrium, M= 0 where | | (1) E 


. [ . 
Maa RENO Aem roe mo Pin rrr it 


-f 


5 


m ZUM | - Poco o: d 


9.62 Repeat Problem 9.6} if a 2-m by 2.5-m flag is attached 
to the top of the pole. See Fig. 9.30 for drag coefficient data 





for flags, o, 
E 

E É. 3 5 

For egvilibrium, M == Li, +(f = z) a) 
where £: =2.0m , L = -2. 55, and p, S us ! Mo | 
From the — lo Problem 248 j J A= 7080 Mm (2) 
um . 
Ly = C, d QUAL D, , where from Fig 9:30 with <2 = Eras 
wa C = 0,08. 

Thos, 
Lh, = oos (4) (23 zo £^ (2.5»)(2m) = 78.4 N (3) 


By combining Egs. (D, (2), and (3) we obtain 
M= 7080 Nm *(20m - Im) (98.4 M) = 8,950 NV-m 
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9.64 ‘How much more power is required to 
peddle a bicvcle at 15 mph into a 20-mph head- 
wind than at 15 mph through still air? Assume a 
frontal area of 3.9 ff and a i^ coefficient of 
Cp = 0.88. 


= = = Cox U^A, he Ub S eed OT the bike 
P = power = UP and A= Ce where aa (mm Vaud 


j^ 


and Y= wind speed relative to brke. 





Thus, 
f 7 i 2 2 ft-lb (i) 
e 2 £)(0.88)(4) (0.00238 SEU" (3.9 ff?) = Nr , x 
eft 
a) Wilh a 20mph ead wind , = (15 +20) 5 te m) PTS 
Thus, 


ie Ib 


Le = 0.0898 ( 5,3) = 236 TP 
7 
T 


b) Wilh still ain , y= 15 mph= 2 
Thus, nid 
P = 60898(22) =#35 EP 


H -ib Lh ; 
n in > a pee Pinas 
Hence, need an additional! power of 1 A = (236 4 3.5) ^s (zz; E 2 
= O, 350hp 
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7.65 


9.65- Estimate the wind velocity necessary to 
knock over a 10-Ib garbage can that is 3 ft tall 
and 2 ft in diameter. List your assumptions. 


If the can is about lo tip around 
comer O, then 1/4170, or 454) =] W 


y 

Or | 5 Cy ZpU ‘A = W A typical valve of PR far a cylinder 
is Cp / (see Fig, 9.21) 

Thos, 


(1.5 (I (2-) (0.00238 E) U^ (2 (39) = l0ft-b, where U- É 
or U- 30.6 ff 


rund 
Kaanaa 
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7.66 | 


9.66 On aday without any wind, your car consumes x gal- 
lons of gasoline when you drive at a constant speed, U, from 
| point A to point B and back to point A. Assume that you repeat NUR NUR Cn E MES 
‘there is a steady wind blowing from B to A. Would you expect dee ene ce ie pee edd ded 
: your fuel consumption to be less than, equal to, or greater than ~ 
x gallons for this windy round-trip? Support your answer with 


appropriate analysis. 







~ mast gas, 2 ( ) mean ‘no "- ^ amd ( à, mean "wind. 00 
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2,67 | 


9,67 The structure shown in Fig. P9.67 consists of three 
cylindrical support posts to which an ellipsical flat-plate sign is 
attached. Estimate the drag on the structure when a SO-mph wind 
blows against it. 





NFIGURE P9.67 


| fe the composi Te body ` | 
(n LG "dg IG A tO, Ae * Cyh A 
EE aie, jfw. we assume the sign is an ell; ase, 
E g Z (off) (s fH) = 39.311 and the projected a areas of the al 
A < ashUst)= qoo H^ 
A; -08 fi (SH) = 12.0 H7 and 
Ay HUSH) =1S0ff Á | 
| From Fig. 97,20. far a thin disc C, Cy ett mE 
-For the cylindrical pat, oblajn C, from fro. 19. 9, 5: as? T4 U- Si compl =" 


| S ost) 
Re. UPa UD | OB = ge C. z 
= vy LS7xfO* P pur 02 -- 


Similarly : | , 
Re, 3,7x/0* —* 065; = OS 
Roy = 47010" eG. = ODS 


| l Thes frm H. 7 


| : J= (o, 00238 $ 7 SEIE ) (73. st) puor s) 1 o 4 g, ab t esti 7 Dnostuté] 


darei 
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59.G3 As shown in Video V9ISand Fig. P9,63, the aerody- : HUN UH Ke UNE ACORN 
namic drag on a truck can be reduced by the use of appropri- . pu RA 
ate air deflectors. A reduction in drag coefficient from 
Cp = 0.96 to Cp = 0.70 corresponds to a reduction of how 
many horsepoer needed at a highway speed of 65 mph? 








2 
^ 


b = width = 10 ft i 


7 TUE a 12 ft 





(b) Cp = 0.96 


8 FIGURE P9.68 


: Dz power = SU where 
fT = + e U C, A 
< Th US, AP = reduction in power 
: m 7 E f, 
7 i ZPU"AlCy, - Cha] 
© With U=65mph = 95-3 tps, 
LP = d (000238 Se) (95.3) (1011244) | 0.96 - 0.70] 


= 32,100 Eb Cim = 58,4 hp 
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9.67 As shown in Video V9,7 and Fig. P9,67 a vertical 
. wind tunnel can be used for skydiving practice. Estimate the 
. vertical wind speed needed if a 150-lb person is to be able to 
"float" motionless when the person (a) curls up as in a crouch- 
ing position or (b) lies flat. See Fig. 9.30 for appropriate drag 
. coefficient data. 






- For equilibrium conditions Ly 
Ws ft = C foU A4 E FIGURE P9.69 


Assume W=/601b and C A= 9 F^ (see Fig. 7.30) 
_ Thos, 


As (4)(e 0023812) (942) where U~tE 


f mi 
Y- =(/22 ft Fino) (-30523.) = 83. 2. mph 


Mote: If the skydiver ‘Corled vp into a ball", then G Az 2.5 ff 
o (see Fig. 7.30) and T= 158 mph 
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9,70 The helium-filled balloon shown in Fig. 
P9,70- is to be used as a wind speed indicator. The 
specific weight of the helium is y = 0.011 lb/ft, ee dies 
the Weight of the balloon material is 0.20 Ib, and |. FIGURE P9. 7%. 
the weight of the anchoring cable is negligitle. | 
Plot a graph of 8 as a function of for 1 <s U s 
50 mph. Would this be an effective device over 
the range of U indicated? Explain. 


2-ft diameter 













For the ballon to remain stationary |. Y, = 

ERO and Sf, <0 Lx 

Thus, J =T cosO or T= E U 5, l of 

and Fo =WtTsinO +W, | H Iw fW) D=dia.<2.4 
which combine to give ee ee 
Fo = Wt LD tanO + Wa, (1) 

But W= 0.2 Ib j Fo = egv =(7, 65 x0" B) aes H= 0.32lb 


3 
and Wy = Oye = (0.011 a) FL (SH) = 0.046) Ib 
Thus, £g.t) becomes 
0.32075 = 0.215 + tan +0046) Ib 


or 2- 
Lf lan8 - 0.0743 1b Also, ð =O eV X 
= C, U^(0.00238 e )Z (ast 
= 0.00374 C,U * lb, where U^ fi 





Hence, 2 | 

0.00374 C, U^ tan @ 0.0743. or lapO fy (2) 
| 

Also, Re = YP ML or Re=127x/07 U (8) 


7Y 57x10 ^ FE 


and from Fig. 9.2.1 : 
“ e i | (4) 


e 
] hus, select variovs l mph < U< SOmph lie. 147 £ < «733 it ) and Use 
Egs. (22,03), (4) fo obtain ©. Plotted results are shown below. — 


(con't) 
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| 9.70% _| (conh) 


U, mph Re CD O, deg 
0 0 -— 90 
1 12700 0.40 87.52 
2 25400 0.42 79.71 
5 63500 0.54 34.42 
10 127000 0.55 9.55 
15 190500 0.33 7.10 
20 254000 0.10 13.02 
25 317500 0.08 10.48 
30 381000 0.09 6.52 
40 508000 0.12 2.76 
50 635000 0.16 1.32 





theta, deg 


Note :Becavse of the sudden 
change in Cp when the 
boundary layer becomes 
turbulent (at about 15 mph), 
the O ys U curve is highly 
non-linear. In faci, for some 
Valves of Ə there is more than 
one possible valve of U. Tt 
would nol work well as a wnd 
speed indicator in this range. 


q -6l 





| 9.71 


9.71 A 0.30-m-diameter cork ball (SG = 0.21) is tied to an 
object on the bottom of a river as is shown in Fig. P9.61. 
Estimate the speed of the river current. Neglect the ias di of 
the cable and the drag on it. 





30° 


F Pre P9.71 


For the ball lo remain stationary 
ZR=0 and EF, =0 
Thos, of? = T cos 30" om 4€ ms día. D = 0.30m 


and . 
Fa = W+7 sin 30 


Hence, I =Wt & tan 30° where Fr = egV +9. 80 AR one j 


2 





nd = 0.138.5 kW 
T & 
W-XY {FEY e 

Thus, = 0,2) (0.1385 KW) 

0.1385 kN = 0.0291 KN t a tan 20^ =G.029/ kN 
or 

ol) = 0.189 iid where df = C, ipU A =C n U (Gm; a (E (03m) 
Hence - 35. GU M where Yn 2 
35.36,U°=/89 op CU 5.35 —— d 
| a .UD E (0.3m U B. 5 a 
he Pe y 7 ji2xio Em? = 2.68 xJ0 U - 

Írom Fig, 9.21 o A (à 


Re 


Trial and error solution for U : Assume C, ; calculate U fram Eq. 
and Re fram Eg. (2); check G, from Eq.(3), the graph. 


Assume C, 0.5 — U- 3.27 Z — fle = B.74x10 "6,048405. 
Assume C,-0.15 — U= 8.27 4. — Re = 60x10 —e C, = 0,20 #015 
Assume C, 2049 — Ux 5.3] Æ —e Rez 4.442 x 10° — C5 7 0./9 (checks) 


= m 
Thus, U= 5.31 
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1. 73 









i “10. -mm diameter 


imiong 
9,72 A shortwave radio antenna is con- (2) 
structed from circular tubing, as is illustrated in 
Fig. P9.74. Estimate the wind force on the an- m m 08m. 
7 i : -MM diameter s 
tenna in a 100 km/hr wind. 1.5m long | 
-0) M(3) 
| 40-mm diameter 
5 m long 


FIGURE P9.73, 


O = AD, o D 
-£oU^ [C At O, A *G, As | 


where Y= joo (Em D MTS - 27812 


Obtain Cp, from Fig. 9.23 for the given Re, = v» 
Thus | 278%) oom) _ € 
! Re, = Ty Sm 7 7.62 xio” Op, = Ai 
(27.8 #) (0,02m) | & L^ . 
Rea uix a = 3,8/x/0 Cy," ! 
and 
(228 €) (0. oim) 
a o alld 


To = = = 
| 446 X IO cg = 1,90 x10 P Op, = ht Cp, = Cs, l 
so that | | 


D= d: (23595) (2282) ( 140] (5 in}(0.0#m) + (1.5m)(0.02m) M Im 0.0lm)\ 
or i T$ 


- 180 N 
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9.73 The large, newly planted tree shown in Fig, P9.73 is kept 
from tipping over in a wind by use of a rope as shown. It is assumed 
that the sandy soil cannot support any moment about the center of 


the soil ball, point A. Estimate the tension in the rope if the wind 
is 80 km/hr. See Fig. 9.30 for drag coefficient data. 


Tdi: 


teva 9 f 






eur 
a FIGURE P9.73 


Z M, =0 where the moments are dve to the drag, 2, and 
the tension in the rope, T. 


Scale drawing 


Thus, 
£ ol} = ET, whero from the figure PA «(2 *2.5 40.5 )m =5.0m 
and b, = x =2/2m — 





Hence, 


T= 44 . GNIS where from the fore Aa Flm” 


T 


Thus wiih D= mor km) 222.20 
and C, iy = 0.26 (see ron 2.21) we oblain 


5.0. 
2 E (t)1.23 & (22.2) Nsm (0. 26) = 3650 N = 3.65kN 
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2, 74 


9.7* Estimate the wind force on your hand 
when you hold it out of your car window while 
driving 55 mph. Repeat your calculations if you 
were to hold your hand out of the window of an 
airplane flying 550 mph. 


D = C,ZeU A ; where U = (ss mph) (-88 5$.) = 80.7 H 

Assume your hand is fn. by bin. in size and acts like 

a thin dise with Cp” l.l (see Fig. 9.29), 

Thus, | 

D - 0.41) (2)(0o00236) (857 Y ( SAN EH) = 1.42 lb 

If your hand is normal to the the lift farce is zero. — 

For U-550mph =907# (i e, @ 10 fdd increase in Ü) the 
drag will increase by a factor of 100 (ie, B~ U^), or P 192.4 
Note: We have assumed that C; is Ld a fonction " U, That is, 


it is not a function of either Re = D or Ma = 
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.9.76 A 2-mm-diameter meteor of specific 
gravity 2.9 has a speed of 6 km/s at an altitude 
of 50,000 m where the air density is 1.03 x 107? 
kg/m*. If the drag coefficient at this large Mach 
number condition is 1.5, determine the deceler- 
ation of the meteor. 


| 2 ko, um [ 23/03 mV 
JD- ma where m- eY =e a (2) = COUMTE (Aege) 
-424x/07 kg 
Also =C keV A i i sia 

= L5(&)(1.02 X10, ) (6x1 BYE (2x10 %m) = 8.79 x10 W 


oD _ BEKON _ 
m ~ L2ixiorkg ~ 7 S4 


3-66 


| 9.77 | 


D - 0.1 m Rough sphere 
dD = 1.25 x 107? 





9.77 Air flows past two equal sized spheres (one rough, one 7 Hg 








smooth) that are attached to the arm of a balance ass indicated “nee Qi A i ) 
in Fig. P9.2Z With U = 0 the beam is balanced. What is the (n (2) 
minimum air velocity for which the balance arm will rotate L aes | 

| 0.3 m 0.5 m 
clockwise? mE | 


fe 


FIGURE P9.77 
For clockwise rotation to start, 2:/,«0 


That is 0305 20.5, , where d) =C, +UA, and 


2 
- Lh, = Co, 20 Vs f 
Us 
' Q.3 C, EPUA, = 0.5 G, teU A, , or since U =% and A*A 
this gives | l 
Cp, = 0-6 Cp, | E e) 
Consider the curves in Fig. 25 with & =0 and $ = 1.25 x10? 
C, | 
6. em 1. &ehzsxI6^ Trial and error solution to tind 
YN, Re se that £9.U) is satistied. 
r^ F 0 2 
Coz 
Re 
Assume Re = 6x10" — 65,7 OS , C547 O96 or 2 2092506 
| D, 
Assume Re = 8xi0* — ©, =0.8, Cp, *O-2/ or m 20.42 $0.6 
D; 


Assume Re=7xl0 Co, =O5, Gz = 0.33 on Pa =0.66 O6 


Dj 
m _ UD _ (Olim) V zs » 
7 hws, Re zZXIO = p E 14x10 5 25 or Y= 10.4 c 
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9.78 A 2-in.-diameter sphere weighing 0.14 1b is suspended by 
the jet of air shown in Fig. P9.78 and Video V3.2. The drag 
coefficient for the sphere js 0.5, Determine the reading on the 
pressure gage if friction and gravity effects can be neglected for 
the flow between the pressure gage and the nozzle exit. 





Pressure 


Area = 0.6 ft? 
gage 





For equilibrium, =W or 
Cot ele A=W, where A = ED? 
Thvs, 


Vo. = a iw PTZ T 


8 (0.4/0) Jou i 
-[- 0, 5 (0. 00238 SUT Z A zt! —— 


Also, PE 
(ATA or VIE (on ft) 993, = $2.08 


and " " 

p EV =, +2~ where fa=0 

Thus, d 
fy = zelv^- V J= 4 (oorase Ion 2) -(52. ofty | 


4 
= 9.65 ffa 


i ; 
ael 


9,28. 
9.79 The United Nations Building in New York is approx- 
imately $7.5-m wide and 154-m tall. (a) Determine the drag on 
this building if the drag coefficient is 1.3 and the wind speed 1s 
a uniform 20 m/s. (b) Repeat your calculations 1f the velocity 


profile against the building 1s a typical profile for an urban area 


(see Problem 9.22) and the wind speed halfway up the building 
is 20 m/s. 


@ DG, toV A = sacie 23 §3,)(202) (154m 82) 


or 
JB 43 xIo N = 43/ MN 











r 154m 
(b) TA an urban area, U=C y ia 
Thus, with U=20% af y- 2-77» ^77 
we oblain 
= oF = 2,52 , or A=3.52 y^ * with u$, y~ m 
The total dra is y= ist | 
o = (df -(G zeu df= £06 ((s52 y^^Y (825) dy 
| =O 
154 
D- z (123)(1.3)(3. io ik =867(74-)(154)" = 4/7 210 N 
Thus, 
= 417 MN 
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9.0 A regulation football is 6.78 in. in diameter and 
weighs 0.91 Ib. If its drag coefficient is Cp = 0.2, determine 
its deceleration if it has a speed of 20 ft/s at the top of its 
trajectory. 


{Tj = | ~W _ 2h Ib 
E ma , where m Gg 32.2 fE 


and | 
D= C, £ eU^A = 0.2 (z)(0.00238 SH) (20 HPEH) =0,0239/b . 


AS 
Thus, 
-2 . 0.0238 _ ogy, ft 


auem ad we = 


m 0.0283 shos 


= 0.028 3 slugs 





ipmermems mena ee ute tmm thm mite S Cree ea ens 


1 ————^AA———————— RÉP 3 
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9.2] An airplane tows a banner that is b = 
0.8 m tall and 6 = 25 m long at a speed of 150 
km/hr. If the drag coefficient based on the area 
blis Cp = 0.06, estimate the power required to 
tow the banner. Compare the drag force on the. 
banner with that on a rigid flat plate of the same 
size. Which has the larger drag force and why? 


P=LL4U, where x2 GeV A -—— b2. 


Thus , will Cy = 0.06 and U= -( 5o &m (sion epo s Jf in) = 74 





this gives 

P = (0.06) (li. 23 §9,)(4,7-") (0.8m)(25m) = 5 3.5 x10 W=53.5 kW 
For a rigid flat plate 

P -4U-2020U?hbÀ (the factor of two is needed because the 


drag coefficient is based on the drag of one 
side of the plate) 


J. . 7) (25m) 

With Re, = Uu = gor Tm = 7./¥¢K/0" we obtain from 
Fig. 9-45 a valve of C, 0.0025 for a smooth plate. 
Thus, 


P= 2(0. 002.5)(x) )(.23 8) ( 44 72y (o. 8m)y(25m)* 4 «4x/0 W =4#S AW 


For the tlat plate case the drag is relatively small because (d is 
due ent rely fo shear (viscws) forces. Dve to the “flvtering’ of the 
banner, a good portion of its drag (and hence power) is a result of 
pressure forces . If is nol as streamlined as a rigid tat plate. 
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e 80 rpm 
9.23 The paint stirrer shown in Fig. P9,@3 consists of two ; 
circular disks attached to the end of a thin rod that rotates at 80 g in. 
rpm. The specific gravity of the paint is $G = 1.1 and | 
its viscosity is p = 2 X 10? Ib: s/fP. Estimate the power 
required to drive the mixer if the induced motion of the liquid ! 
= ied 
FIGURE P9. 23 


is neglected. 
H we neglect the effects of the shaft and red and consider 
the paint to be stationary , then 


M-24R ; where M= torque to rotate shaft 
and ð= drag on one disk = œ 29U A 


Al.so, [/ = wh and P= power to rotate shat} = Mw 





Thus, 

P=20R w = 26 70(wRY FER w 

or 

P=EG, pa^ R D =F Co pU? where 0 756 Puzo c) 

D 
With Re= e = E iD 
where » 
2 5*3 

U= wR = (8o SL (2528) ( 27 rad )( £9 776 tH) — 53 1f 

wg have 

po = GUII E033 £) (amt) _ oa 

addi E 
For a circular disk , C5 = 1.1 if Re 210? (see Fig. 9.29) 
while Gp = S7: if Re«l (see Table ?.9) (2) 


For this particular problem j< fe=/0.5 </07 
Note: If the [ew Reynolds number result (Eg. (B) is valid! yp fo Ke=/0.5, 





then C, = 2992 = og C Cp =20.#/ Re 
D' 70-5 s à| X ps 
To be on the conservative side (2.2, maximum power) x D 
USE the larger Cy mm C, = 494 From Eg. (1) EM: 


oli 10 10^ 10? fh 
P =F (199) (1.1094 SHEN 3532) ( t [Y 


Or 
P=(o.on2e Hb) scia) — Z78x/ó hp 
5 AA 
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| 2.25 
| 9. 85 .  À fishnet consists of 0.10-in.-diameter 0.10-in-dia. cylinder 
strings tied into squares 4 in. per side. Estimate | 


the force needed to tow a 15 ft by 30 ft section An) : | 
of this net through seawater at 5 ft/s. | i Ain. 7 jt 
PAT 
| H Section BY | 
The nel can be treated as one long | 
2 : = . Ah | | | | | | 
0.10 ~in. diameter. circular cylinder wi pO 
"e | 
o/ = C, ZOU A, where U- 5E . Each | fl section of the net 


contains 6 feet of siring (donot cont the edges twice). Thus, the 
total strin length is approximately L =(6 £ 15S f1)( 30fl) = 2700 fl 
l x: slugs | ee TT: 
Also, since P= 1.99 E and v 7 24 8/0 A (see Table 1.5) 
Re = V2 


y 
[£45 0.10 

. SX ft) =33/0 Hence, trom Fig. 9 24 that GL) 
(26x10 SE 









Thus, 
PEDES, P: )(s &y'( $2 A) (27001) = 616 Ib 
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9.96 As indicated in Fig. P9.36 the orientation of leaves on a 
tree is a function of the wind speed, with the tree becoming 
"more streamlined" as the wind increases. The resulting drag 
coefficient for the tree (based on the frontal area of the tree, HW) a 

; | | Calm wind 
as a function of Reynolds number (based on the leaf length, L) | 
is approximated as shown. Consider a tree with leaves of length u R8 
L = 0.3 ft. What wind speed will produce a drag on the tree that 
is 6 times greater than the drag on the wee in a 15 ft/s wind? 






1,000,000 





0 y : ——— Sd 
10,000 100,000 


Re = pl/L/íu 
BFIGURE P9.56 
ol} = G, teU A and Re# om 
i | 
of) = Gy 2 (0.00238) U HW = 0.00113 HWG UŽ d) 
and 5 d 
_ 0.00239 oF U(0.38) _ " 
Re= urbs n = 1909, where U~ flf (2) 


Thos, with U =15 ft/s Re = 1904 (15)7 28 600 so that from Fig, P9.84 

Cy =O so 

f= 0.0019 HW (0.46) (15Ý = 0.123 HW 

For the drag 6 time as great, D= 6), = 6(0.123 HW) = 0.738 IW — (s) 
Thus, from Eqs. (I) and G 

: cii HW= 0.0013 HW C, 
| C U*- 621 


Trial and error solition: 


Assume C, 2 0,3 so that from Eq. (+) U= / $24 245,54Ve and from £e, (2) 


Re =/909 (45.5) = 86,900, Thus, trom Fig. P9.84, 0,7033 40.3, the 
assumed yalve, 
Try again. Assume Oy 0,33 + U= #3, D — Ke 282, 900— C, = 0,34 +0.33 


Thy 6,2034— U = 746 fis — Ke = 72 300 — 65 2 0.36 


(+) 


Thus, U= #15 fl/s 


9-74 


g. 87 | 948? The blimp shown in Fig. P9.9? is used at various athletic 
events. It is 128 ft long and has a maximum diameter of 33 ft. 
Hf its drag coefficient (based on the frontal area) is 0.060, 
estimate the power required to propel it (a) at its 35-mph 
cruising speed, or (b) at its maximum 55-mph speed. 





MFIGURE Po. 37 


P= BU where d =G teU A 
This, with a. ii 
Z= 0.060 (4) (0 00236 - 2 338 
= 0.06/10" Ib where U^ ft/s 
(a) Thus with U= 3s ft (SEE) = 543 fils, 
= 0. 0611 (51,3) ^» /6/ Ib 
so thal 
P= BU = /611b (5i. Sors) = 15.0 hp 


(b) Similarly, with Y =55 mph= 60.7 ft/s, 


=0.0611 (80.7) = 328 |b 
so that 
P= BU = 398 [5 (80.7 br ds) = 58.4 hp 


0-756 


4.84 | 


9.8% Show that for level flight at a given speed, 
the power required to overcome aerodynamic 
drag decreases as the altitude increases, Assume 
that the drag coefficient remains constant. This ts 
one reason why airlines fly at high altitudes. 


For leve! fight =W where W=airplane weight = constant 
and X£=G zeU A 
If U is le remain constant, then C, must increase as ẹ decreases 
(i.e, altitude increases). 


Also, P= 0oPV, where =C Zo0U A 


Or 
2-6 EUA + For constant U C5 and A the power decreases 
as altitude increases ( p decreases). 
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9.89 (See Fluids in the News article “Dimpled baseball bats,” Section 
9.3.3.) How fast must a 3.5-in.-diameter, dimpled baseball bat move 
theough the air in order to take advantage of drag reduction produced 


by the dimples on the bat. Although there are differences, assume the - 


bat (a cylinder) acts the same as a golf ball in terms of how the dimples 
affect the transition from a laminar to a turbulent boundary layer. 


From Fig. 9.25, for a golfball the dimples reduce drag for Re- Ez x. #xi0" 
Thus , assume Re = 4xIo* for the bal so that 


oe = 4-X/0 


on 
-S1UQ.s 3.5 
(0.00238 e) U (352: fi) -— 
(3.24 107 ae) 


This 


2 


U= 27.6 
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9.90 (See Fluids in the News article “At 10,240 mpg it doesn’t cost 
much to ‘fill 'er up," Section 9.3.3.) (a) Determine the power it 
takes to overcome aerodynamic drag on a small (6 ft? cross section), 
streamlined (Cp = 0.12) vehicle traveling 15 mph. (b) Compare the . 
power calculated in part (a) with that for a large (36ft" cross- 
sectional area), nonstreamlined (Cp = 0.48) SUV traveling 65 


mph on the interstate. 


P = power = Vo, where t= Cyt eU A 
so that 
P= pU 
/ ft 
(a) P= 0,12 (¢)(o.00238 E) E PTEN J| (6 H>) 
= / ft Ilh o = 
AE cn HIZ) = 0.0166 hp 


3600 s/hr 
= 1/7800 Hb — lhp iy | 
ide. (=z f}1b/3 ) = 32.4 hp 


243 
(b) P= 0.78 (1.00236 56 es Bt )( oo) (36 P) 
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9.92 A rectangular wing with an aspect ratio of 6 is to generate 
1000 1b of lift when it flies at a speed of 200 ft/s. Determine the 
length of the wing if its lift coefficient is 1.0. 


= 7 for rectangular _ » 


M" 
The li Fe — 75 GEA by, 


ide 

LC ipuTA where Axbe = 6c" 

sa zpu( 6c2) 

lO00 4b = .O (3) (0.00838 steta?) ( Zoo /4)* (6c) 
Gc* = 21.0 

C=/.87 ft 

b=¢le)=6(L827fe) 

ps lua Fe 
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9:74 A Piper Cub airplane has i à gross suciahes of 1750 1b. a 
cruising speed of 115 mph, anda wing areaof 179 ft^. Determine 
. the lift coefficient of this airplane for these conditions. 


For eguilibrigm Z= S unn lb , where X "C oU 
Thus, with U «(115 mph) E oe = /69 E 


C -Š = o 2-2 - 0.28 
^ £zeU'A z 0,00238 5285 )(149 £ Y (170 fj7) e 





9.95 


4.95 A light aircraft with a wing area of 200 ft? and a weight 
of 2000 Ib has a lift coefficient of 0.40 and a drag coefficient 
of 0.05. Determine the power required to maintain level flight. 


- equilibrium | i» W= 2000lb = C, 20U' 4 


"2000 |b = (0. 40) 4 (0.00238 = ug SHE) U (200 f>) 
Hence, 
y= /45 t 


Also P= power =P U, where 
L= Cy 20U f -(0.05)2(000238 SHE) (jys HY (200*)- 2.50 J) 
Mole: This valve of d could be obtained from 


NUN AE . We. 2000h , 
07 o 005 9, 0 0 = z g ii 
Thus, Hi. 1 
f EK, ee 
p= 250b (1452 d= 3.63 x/0 hu) 65.9 hp 


4-80 


9.96 | 


9.96 As shown in Video V9.19 and Fig. P9.96, a spoiler is used 
on race cars to produce a negative lift, thereby giving a better 
tractive force. The lift coefficient for the airfoil shown is C, = 1.1, 
and the coefficient of friction between the wheels and the pavement 
is 0.6. At a speed of 208 mph, by how much would use of the 
spoiler increase the maximum &active force that could be generated 
between the wheels and ground? Assume the air speed past the 
spoiler equals the car speed and that the airfoil acts directly over 
the drive wheels. 


b = spoiler length = 4 ft 
Spoiler , 1.5 ft 





MFIGURE P9.96 


Tractive force Er h-Z & Ma | | iw. — 


where F coefficient friction - 0. 6 Wo Y AME 
Thos, N N 


AL = fia, JI where Ab ss the 

increase in tractive force dve to the (. downward? Itt 

Hence, with = 200 mph= 293 Hye 

X = gU G A = $ (0.00238 ECA (1. I) (SH) 68) = 67 


and. 
^k-06(6745)- 405 [b hb 
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9.07. The wings of old airplanes are often swengthened by 
the use of wires that provided cross-bracing as shown in 
Fig. P9:97. If the drag coefficient forthe wings was 0.020 (based 
on the planform area), determine the ratio of the drag from the 
wire bracing to that from the wings. 





Speed: 70 mph 
Wing area: 148 ft* 


Wire: length = 160 ft 
diameter = 0.05 in. 


" FIGURE P472? 


2. 





and ; 
- LAT . 
du, =40U Cy Awie 50 that 
Line Cp ilre Awi 2. 
s wire “wire EM » 


lh, wing Cy, ing A wing 
Also, Ayip = £D = (1604) (2:38 f) = 0,667 A” 
and since 


gaff o. 
Re = UR. (zomph) (rain BEN) a 25925 
"UU. 1.57 x104 f£ ~ 


From Fig, 9,21, with Re -2720 We obtain C, =/,0 


Hence, 

dine ( 1,0) (0. 667 {17 ) 

Den "pon (BFR "0225 , or 22.5% 
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.9.4Y A wing generates a lift £ when moving 
through sea-levei air with a velocity U. How fast 
must the wing move through the air at an altitude 
of 10,000 m with the same lift coefficient if it is 
to generate the same lift? 


"lá = G sevA so wiih X , 6, and A constant 
( eU io leye! WO lons 


+ 


Hence, " "mr 
f Keen level i NELLE U 
10000m e “Sea level 0. 4/4 ka | “seq level 
10,000 m ars 
or 
Uo p00 m = 172 Wea level 


A M 
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| |.  — Xx (96 c) y (96 c) ulU 
- 9.9/9: Air blows over the flat-bottomed, two-dimensional object Oo 0 90 
shown in Fig. P9.91. The shape of the object, y = y(x), and the 25 3.72 0.971 
fluid speed along the surface, u = u(x), are given in the table. 5.0 5 30 1.232 
Determine the lift coefficient for this object. 7.5 6.48 1.273 
Boc | 10 7.43 1.271 

20 9.92 1.276 

| 30 11.14 1.295 

] - 40 11.49 1.307 

If viscous effects are negligible, then EG 1045 1.308 

| 60 9.11 1.195 

a = [i fp cose) — f pcos6dA a 70 6.46 1.065 
lower ypper 80 3.62 0.945 

- : 08 1.26 0.856 

where from the Bernooll; equation 100 0 0.807 


tpu” =m tou" 
The effect of atmospheric pressure, fo, 
drops ovl when the integration over 
the entire surface is performed. 


With 0=9 on the lower surface and 
with cos@ dA = cos O (f ds) - dx, 
where b= wing span, Egs(t) and (2) give 





dx 
L= |[p+tel 0e] Lak - f itol i] 44 
lower yoper 
or, since - E on the lower surface. 
x=- Let ft- u)de = tertii []dx’ , where X- X — em 


Thus, since 


Ge i Fei m A " ous ij — from Eg b3) thal 
c= fl " » u = uta FIGURE pa. 49; 
yj -l||ak EL 


PERRIN WSS EEE 
| | 


uo U 





By using a standard numerical 
integration roviine with the data 
given we obtain 


C, = 0.327 


—— 
-— — 
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9.40) A Boeing 747 aircraft weighing 580,000. 
‘Ib when loaded with fuel and 100 passengers takes. 
off with an airspeed of 140 mph. With the same 
configuration (i.e., angle of attack, flap settings, 
etc.) what is its takeoff speed if it is loaded with 
372 passengers. Assume each passenger with lug- 
gage weighs 200 Ib. 





For steady flight £=6, £00 A=W 1) 
H ( hos denote conditions with 100 Passengers 

and ( >) with 372 passengers. Thus, with C, 
Aoo = "575 , and Poo = Ca. Eq (0 gives 


4 
[580,000 +(372-j00)(200)| Ih : 
Í 580,000 lb JM ith b Orph 


L 100 "ua J 





rm tho U. =U 
= "2 or 372 100 
4 372 %7 


Thus, Ui, = 146 mph 


9.102 Show that for unpowered flight (for which 
the lift, drag, and weight forces are in equilib- 


rium) the glide slope angle, 6, is given by 
tang = Cc,. | 





For sf eady vnpowered flight = 


ZF, =0 gives = Wsind 
and. 
25 F =O gives X = WeosO 


Thus j 


MM | -— 
Gs went. = tan® , where Z- ZEV ACD VAC m1 


C, 
Hence, lan Q = E 
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9/63 If the lift coefficient for a Boeing 777 aircraft is 15 
times greater than its drag coefficient, can it glide from an al- 
titude of 30,000 ft to an airport 80 mi away if it loses power 
from its engines? Explain. (See Problem 9.702) 


l GD l 
From Problem 9.102, Tan = e E 


Hence, - 


M — - 7E , or d - 4 5x/o* fl 
= 852»; 


Hence, the plane can gl ide 80mr. 


9.Jo4% On its final approach to the airport an 
airplane flies on a flight path that is 3.0? relative 
to the horizontal. What lift-to-drag ratio is needed- 
if the airplane is to land with its engines idled 
back to zero power? (See Problem 9, 402.) 








From Problem 9.162, 







- Cb 
tan 9 C, 
r e 
> = tan R= Q, 0524 = = 19.1 
4. D 


Im 


tritam, Eh ta mi mb! uei Hau LI TuS ITETIV ANTA yr fuit ae etai s m8 At Stoett i p Pe Mta S SRI Cn EA eSI Sacrarum? sam enl Pt Ard a SAIL em amt SURE ees HOE N A Pa IS MH SPA IIS P PATI Ane 
. 1 s i ; - : i " e : E! . 
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9.405 Over the years there has been a dramatic increase in - E ENIN EEA AEE 
the flight speed (U) and altitude (A), weight (‘W), and wing D — exu Eo T 
loading (W/A = weight divided by wing area) of aircraft. Use F DAMM a p Mida d 
the data given in the table below to determine the lift coeffi- - 
cient for each of the aircraft listed. 








»9902048090009090009090 0000900900009 0*00000004900900000920049099C€00004900404900004900090000000900200490«04994904900*50»09940»0900690920400«9090009099404909^090002 4049690009 000090295 


Wright Flyer 1903 750 35 1.5 0 

Douglas DC-3 1935 25,000 180 25.0 10,000 . curie naa deg wo ne a 
Douglas DC-6 1947 105,000 315 72.0 15,000 | IARE PII T RATEN 
Boeing 747 1970 800,000 570 150.0 30,000 QU ucc 


Aircraft Year W, ib U, mph W/A, Ib/ft? : Rie Mi RE 





———————1 
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9,/0@ The landing speed of an airplane such as the Space 

Shuttle is dependent on the air density. (See Video V9.1.) 

By what percent must the landing speed be increased on a 

day when the temperature is 110 deg F compared to a day 

when it is 50 deg F? Assume the atmospheric pressure re- 
. mains constant. 


For equalibrivm , he weight, or 
40 G A = W 
Thus, with constant W, C, , andA, 
2 5 [2 | | 
(pU koi | tg" bol 
MEM L 
U 0 A ig V | | | 
" per e | (R T ( 460 +110) 
=phT so that Yer 2 RIAL UU 
" f d "ON Cio (Pro /R Tyo) ee 


or 





= | N76 


7 hus 


J s 
U e = 1.1176 yu = / 0572 Us or a 5.727, Increase 
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4. je7 Commercial airliners normally cruise at relatively 
high altitudes (30,000 to 35,000 ft). Discuss how flying at this 
high altitude (rather than 10,000 ft, fer example) can save fuel 
costs. 


For level flight W=aircratt weight =X =G 1 9U ^A 
Thus, for given W, C, , and A. the dynamic pressure 
P a independent of altitude. That rs 


à gin ar . 
oU?) E ZU) or D oii (e) 10,000 


/0, 090; ff 20,000 ff 7 C30, go? 
Hence, U mi Yo 000 


Also, since the drag is aP-C C, 10U7 if "— that 
A = 6,207 A) pop C0 ter) , Sace £00, Li =£ o Unoa 


30, 000 


Hence, the aircrart can Fly br y high alfiluded with the 
same amant of drag (pee P, 
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9.109 For many years, hitters have claimed that some baseball 
pitchers have the ability to actually throw a rising fastball, 

_ Assuming that a top major leaguer pitcher can throw a 95-mph 
pitch and impart a 1300-rpm spin to the ball, is it possible for 
the ball to actually rise? Assume the baseball diameter is 2.9 in. 
and its weight is 5.25 oz. 





If the lift produced on the s pining ball is greater than its weight the 
ball will rise. | X 


w -1800rpm 


=/88 fad i 





v= C, z 0 UA 

where C, is a tunction of we 
as shown in Fig. 7. 39. 

Thus, wrth 


30 rer "- 


= 95 mph 
2439 fl/s 


W= 5.25 oz =0,328 lb 


Hence, for the given conditions 


X = 0.04{ 7 )(0.002.38 sm (1s? £y 


TE 24)" = 0,0422 lb 
so that 


t= 9.0*22.]b < W= 0.328 /b 
The ball Will hel rise. 





Note < The aboye result is based 





ety2U 
on smoelh-sphere data, The results : 
for a baseball (with its rovgh surtace — A fee rn 
u | sphere (Ref. 23). 
containing seams) will probably 


give a somewhal larger litt because 
for a given angular Velocity if can 
drag" more air alen as 1} spins. 
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9.JQ (See “Learning from nature,’ Section 9.4. 1l.) AS 
indicated in Fig. P9, 116, birds can significantly alter their 
body shape and increase their planform area, A, by spreading 
their wing and tail feathers, thereby reducing their flight 
speed. If during landing the planform area is increased by 
50% and the lift coefficient increased by 30% while all other 
parameters are held constant, by what percent is the flight speed 
reduced? | 





NU FIGURE P9.119 


L=6,zeU 4 
Let ( ), denote landing conditions and ( } denote normal flight conditions. 
Ths, with x, =X, 


C ip UA, =C E Ae 


or A 

= / : 4| "na J e C, 
U, U, A JE - ż, SA, i36, 
or 


U, = 0.7/6 U 


U | 
UU -046-I =-0.294 
Ge, a 28 7. reduction in flight speed 
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9, 42. ) it is s oottaated tat pe iin atii sg apo pro] oats y designed: 
winglets on a certain airplane the aay cect | n t will- be reduced .- 
by 596. For the same engine thrust, by what percent wil the | aircralt 

speed be increased by use of the winglets? 








Lef (), "nm without nabh and ( } with winglets. 

Thus, since drag equals thrust and throsi, = thrusla | it follows 
that 

lt = ob 

or 

C teU A=6,40U A 

so that with A =A, 

V= UJE -u Lr = 1.02600) 

Ths, a 2.60% increase in speed is realized. 
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9.1/2 ^ Boundary Layer on a Flat Plate 


Objective: A boundary layer is formed on a flat plate when air blows past the plate. The 
thickness, 6, of the boundary layer increases with distance, x, from the leading edge of the 
plate. The purpose of this experiment is to use an apparatus, as shown in Fig. P9.112, to mea- 
sure the boundary layer thickness. 


Equipment: Wind tunnel; flat plate; boundary layer mouse consisting of ten Pitot tubes 
positioned at various heights, y, above the flat plate; inclined multiple manometer; measur- 
ing calipers; barometer, thermometer. 


Experimental Procedure: Position the tips of the Pitot tubes of the boundary layer 
mouse a known distance, x, downstream from the leading edge of the plate. Use calipers to 
determine the distance, y, between each Pitot tube and the plate. Fasten the tubing from each 
Pitot tube to the inclined multiple manometer and determine the angle of inclination, 6, of 
the manometer board. Adjust the wind tunnel speed, U, to the desired value and record the 
manometer readings, L. Move the boundary layer mouse to a new distance, x, downstream 
from the leading edge of the plate and repeat the measurements. Record the barometer read- 
ing, Hras in inches of mercury and the air temperature, T, so that the air density can be cal- 
culated by use of the perfect gas law. 


Calculations: For each distance, x, from the leading edge, use the manometer data to de- 
termine the air speed, u, as a function of distance, y, above the plate (see Eq. 3.13). That is, 
obtain u — u(y) at various x locations. Note that both the wind tunnel test section and the 
open end of the manometer tubes are at atmospheric pressure. 


Graph: Plot speed, u, as ordinates and distance from the plate, y, as abscissas for each 
location, x, tested. 


Results: Use the u = u(y) results to determine the approximate boundary layer thickness 
as a function of distance, 5 = ó(x). Plot a graph of boundary layer thickness as a function 
of distance from the leading edge. Note that the air flow within the wind tunnel is quite tur- 
bulent so that the measured boundary layer thickness is not expected to match the theoreti- 
cal laminar boundary layer thickness given by the Blassius solution (see Eq. 9.15). 


Data: To proceed, print this page for reference when you work the problem and etiek here 
to bring up an EXCEL page with the data for this problem. 






Boundary layer mouse 
i ‘a Pitot tubes 
EET Re t 


Flat plate 


inclined manometer 


@ FIGURE P9.112 


(coni) 
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Sotation for Problem 9.1/3: Boundary Layer on a Flat Plate 


0, deg Ham, in. Hg T, deg F YH20; Ip/ft^3 


25 29.09 80 62.4 
y, in. L, in. u, ft/s y, in. L, in. u, fUs 
Data for x = 7.75 in. Data for x = 3.75 in. 
0.020 0.20 19.9 0.020 0.15 17.2 
0.035 0.35 26.3 0.035 0.35 26.3 
0.044 0.48 30.8 0.044 0.45 29.8 
0.060 0.70 37.2 0.060 0.71 37.5 
0.096 0.95 43.4 0.096 1.20 48.7 
0.110 1.06 45.8 0.110 1.30 50.7 
0.138 1.21 48.9 0.138 1.56 55.6 
0.178 1.44 53.4 0.178 1.77 59.2 
0.230 1.70 58.0 0.230 1.95 62.1 
0.270 1.85 60.5 0.270 2.00 > 62.9 
Data for x = 5.75 in. Data for x = 1.75 in. 
0.020 0.20 19.9 0.020 0.20 19.9 
0.035 0.42 28.8 0.035 0.50 31.5 
0.044 0.50 31.5 0.044 0.68 36.7 
0.060 0.71 37.5 0.060 0.90 42.2 
0.096 0.98 44.0 0.096 1.51 54.7 
0.110 1.06 45.8 0.110 1.70 58.0 
0.138 1.30 50.7 0.138 1.90 61.3 
0.178 1.54 55.2 0.178 1.95 62.1 
0.230 1.76 59.0 0.230 2.00 62.9 
0.270 1.88 61.0 0.270 2.00 62.9 


pu*/2 = 26*L sin® 

where 

p = Patm/ RT where 
Patm = Yu20"Hatm = 847 Ib/ft^3*(29.09/12 ft) = 2053 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T = 80 + 460 = 540 deg R 


Thus, p = 0.00222 slug/ft^3 


Approximate boundary layer thickness as obtained from the graph: 


x, in. 6, in. 
1.75 0.15 
3.75 0.20 
5.75 0.27 
Tro 0.30 


( cop t) 
4-9 





2,/12. | (can’t) 





D pg tl à à I M x i A B BI Y I a E E d y A ANA A AN e e e n 


Problem 9.1/2 
Velocity, u, vs Distance, y 


—-—x- 7.75 in. 
—H—~ xX = 5.75 in. 
—k—x = 3.75 in. 
—@— xX = 1.79 in. 













Problem 9.112. 
Boundary Layer thickness, ô, 
vs 
Distance from Leading Edge, x 







: E € Approximate boundary layer 
: thickness 


1 Best fit power-law curve | 
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9.174 Pressure Distribution on a Circular Cylinder 


Objective: Viscous effect within the boundary layer on a circular cylinder cause bound- 
ary layer separation, thereby causing the pressure distribution on the rear half of the cylin- 
der to be different than that on the front half. The purpose of this experiment is to use an ap- 
paratus, as shown in Fig. P9.113, to determine the pressure distribution on a circular cylinder. 


Equipment: Wind tunnel; circular cylinder with 18 static pressure taps arranged equally 
from the front to the back of the cylinder; inclined multiple manometer; barometer; 
thermometer. 


Experimental Procedure: Mount the circular cylinder in the wind tunnel so that a sta- 
tic pressure tap points directly upstream. Measure the angle, B, of the inclined manometer. 
Adjust the wind tunnel fan speed to give the desired free stteam speed, U, in the test sec- 
tion. Attach the tubes from the static pressure taps to the multiple manometer and record the 
manometer readings, L, as a function of angular position, 6. Record the barometer reading, 
Hy, in inches of mercury and the air temperature, T, so that the air density can be calcu- 
lated by use of the perfect gas law. 


Calculations: Use the data to determine the pressure coefficient, C, = (p — po)/(pU^/2), 
as a function of position, 0, Here pọ = 0 is the static pressure upstream of the cylinder in 
the free stream of the wind tunnel, and p = Yml sing is the pressure on the surface of the 
cylinder. 


Graph: Plot the pressure coefficient, C,, as ordinates and the angular location, 0, as 
abscissas. 


Results: On the same graph, plot the theoretical pressure coefficient, C, = 1 — 4 sin?0, 
obtained from ideal (inviscid) theory (see Section 6.6.3). 


Data: To proceed, print this page for reference when you work the problem and céick here 
to bring up an EXCEL page with the data for this problem. 


Static pressure tap 





Inclined manometer 


Cylinder 


Water o @ FIGURE P9.143 


( cop t) 
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Solution for Problem 9.1/3: Pressure Distribution on a Circular Cylinder 


B,deg ^ Ham, in. Hg 


25 29.97 
0, deg L, in 
0 1.2 
10 1.1 
20 0.7 
30 0.1 
40 -0.6 
50 -1.6 
60 -2.4 
70 -3.1 
80 -3.0 
90 -2.7 
100 -2.7 
110 -2.6 
120 -2.6 
130 -2.6 
140 -2.6 
150 -2,6 
160 -2.7 
170 -2.7 
180 -2.8 


| p = Yuzo"L sing 


P = pag /RT where 


Patm = Yng Ham = 847 Ib/ft^3*(29.97/12 ft) = 2115 Ib/ft^2 


T, deg F U, ft/s 


75 


47.9 
Experiment 
p, Ib/ft^2 Cp 

2.64 1.00 
2.42 0.92 
1.54 0.58 
0.22 0.08 
-1.32 -0.50 
-3.52 -1.33 
-5.27 -2.00 
-6.81 -2.58 
-6.59 -2.50 
-5.93 -2.25 
-5.93 -2.25 
-5.71 -2.17 
-5.71 -2.17 
-5.71 -2.17 
-5.71 -2.17 
-5.71 -2.17 
-5.93 -2.25 
-5.93 -2.25 
-6.15 -2.33 


R = 1716 ft Ib/slug deg R 
T = 75 + 460 = 535 deg R 


Thus, p = 0.00230 slug/ft^3 
C, = p/(pU*/2) 


Theory: C, = 1 - 4 sine 


( Copt) 
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-3.00 
-2.88 


0.00 
0.53 


1.00 


7.12 | (copt) 


c — ee 


| .. Problem 9.1;3 
Pressure Coefficient, C,, vs Angle, 0 


TF PP EVIE 


+ Experimental 


|i — Theoretical (inviscid 
| flow) 





I 


O 30 60 90 120 150 180 


0, deg 
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10.2 On a distant planet small amplitude waves travel across a 
]-m-deep pond with a speed of 5 m/s. Determine the acceleration 
of gravity on the surface of that planet. 


C *19y , where c - 5 qnd y *Im 
Thos, 





10.3 The flowrate in a 50-ft-wide, 2-ft-deep 
river is O = 190 cfs. Is the flow subcritical or 
supercritical? 


g 


Us, 
1.90 Ë 


Fr = [92.2 5)(251) = 0,237 <] The flow S subcritical 


10-1. 


10.4 


10.4 The flowrate per unit width in a wide 
channel is q = 2.3 m/s. Is the flow subcritical or 
supercritical if the depth is (a) 0.2 m, (b) 0.8m, 
or (c) 2.5 m? 
y- 8 3b. $ so that Fr = = —4. = e 
y Y voy Wy 


[re p-—— 3j =——g- , where y~m 
98l^a Y / 








d 0.2 8.21 supercritical 
b) O8 1,03 supercritical 
e) 2.5 0./86 subcritical 





}o-2 
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10.5 A rectangular channel 3 m wide carries 
10 m?/s at a depth of 2 m. Is the flow subcritical 
or supercritical? For the same flowrate, what depth 
will give critical flow? 


= _ 2 lo 
Q=AV or V7 3, = Gem 
Thus, V 1.667 $ 


-0376«1 Ti i tical 
Fr = iz; "fre 2 2m) 0.376 < he flow is subcritica 


o 2 
G 


=/.667 Z 


Also, 





yE where Q = ¢ =: 23,33 so that 


2 D 
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10.6 Consider waves made by dropping objects (one after 
another from a fixed location) into a stream of depth y that is 
moving with speed V as shown in Fig. P10.6 (see Video VI0,5). 
The circular wave crests that are produced travel with speed 
c = (gy) relative to the moving water. Thus, as the circular 
waves are washed downstream, their diameters increase and the 
center of each circle is fixed relative to the moving water. (a) 
Show that if the flow is supercritical, lines tangent to the waves 
generate a wedge of half-angle a/2 = arcsin(1/Fr), where mw FIGURE P10.6 
Fr^ V/(gy) * is the Froude number. (b) Discuss what happens pd 
to the wave pattern when the flow is subcritical, Fr « 1, 


(a) In a time interval of t since the object hil the water (and miafrafed 
the wave), the center of the wave has been swepl downstream a 
distance VE and the Wave has expanded to bo a dislance ct trom 
ils center. This is shown in the figure below. Note that Vé>ct 

if V »c lie, Fr>/). | 








ae "n" E 
Thus, from the tigme, Siz = -~m 44 y T Fr 
d -X = arcsin ( l/Fr) 


(b) Tf Fr«l the above result gives sin e >! which fs impossib/e 
For Fr<! the following wave patern would result. There ts no. 


“wedge : pr ody od , 
7 NI non-concentric 
p 40 77 TM. circular Waves 
/ P ^ / / P d PER \ \ Y 
VRP iC EO, 
No ovi i n 
0 Ó—Á ^ N ‘ D — 
Vé<ct if © ee 
Fr<! 
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10.7 Waves on the surface of a tank are observed to travel at a 
speed of 2 m/s. How fast would these waves travel if (a) the tank 
were in an elevator accelerating downward at a rate of 4 m/s’, 
(b) the tank accelerates horizontally at a rate of 9.81 m/s’, (c) the 
tank were aboard the orbiting Space Shuttle? Explain. 


Since C= Vay. it follows that the tank depth is 


c (2m 

g 9.81% 7 
(a) If the tank accelerates down with acceleration a , the effective 
acceleration of gravity is 9,7474 -(481-4)5 -5.81 Z 


Thus, : 
m =~ —_— 
C= ay = (5.81 53 )(o.28m) = LSet 


(b) If the tank accelerates horizontally with 


acceleration a, the effective acceleration is a 
Gott = |g? + a= [281^ +9,81" = 13.87 £5 


Thus, 25 g 
C= ts. 87^1)(0.908m) = 2.38 2 - 


(c) In orbit Gott =O (weightless) so 670 


1075 


19.8 In flowing from section (1) to section (2) along an 
open channel, the water depth decreases by a factor of two and 
the Froude number changes from a subcritical value of 0.5 toa 
supercritical value of 3.0. Determine the channel width at (2) if 
it is 12 ft wide at (1). 


Fr, = "pros, or Vy, = 2.0 V () 
and y 
2. 


m7 =3.0 where y,-0.5y, 


Thus, %2 — — = 3,0, or Vy, = Vo 30.5) (2) 


0.5 gy 
By equating Eq. (0 and (2): 2.0y, = y, / Gp.s ) 
Ve 424 V, 


However, Q,- 9, or j yu V = bz Yz Va, where b channel widih. 


Thus. with 6, =/2 H: 
: | [2 fl 
(1241) y, (M) = b, (0-5 y,) (424V,) or bj" zzrazu; = 3:66 ft 
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10.9 Observations at a shallow sandy beach 
show that even though the waves several hundred 
vards out from the shore are not parallel to the 
beach. the waves often "break" on the beach 
nearlv parallel to the shore as is indicated in Fig. 
P10.4, Explain this behavior based on the wave 
speed c = (gy). 





FIGURE P10.q 

Since C=gy il follows that C,>C, because of the fact that y, >y, . 
Therefore, as the waves move, that portion in the deeper water 
lends to catch Up “with that portion closer to shore in the shallower 
water. The wave crest lends le become more nearly parallel to the 
shore line. The waves “break” on the shore as if the wind were blowing 
normal to the shore. 
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10.11 Often when an earthqua ke shifts a seg- 
ment of the ocean floor, a relatively small am- 
plitude wave of very long wavelength is produced. 
Such waves go unnoticed as they move across the 
open ocean; onlv when they approach the shore 
do they become dangerous (a tsunami or “tidal 
wave"). 
length, à. is 6000 ft and the ocean depth is 15,000 
ft 


From Eq 10%: =] 88 tanh(222)] 


Or | E 
"m" | (2.2 coool tanh( arise) = 175 B 


6000 tt 


J0- à 





10.12 A bicyclist rides through a 3-in. deep puddle of wa- 
ter as shown in Video V10.5 and Fig. P10.12.If the angle 
made by the V-shaped wave pattern produced by the front 
wheel is observed to be 40 deg, estimate the speed of the 
bike through the puddle. Hint: Make a sketch of the current 
location of the bike wheel relative to where it was At sec- 
onds ago. Also indicate on this sketch the current location 
of the wave that the wheel made At seconds ago. Recall that 
the wave moves radially outward in all directions with speed 
c relative to the stationary water. 









re ce ae uut £e — 
at point (O). Al the current time, Ks 

t=at, the wheel has traveled ag | 
distance d= Vat and is at point (I). 
At lime t=at, a wave produced 
by the wheel when if was at (9) 
will be a distance cat from(0) £ pe s XC 
as indicated inthe figure. | l "in | 
Waves produced at variovs times | 
(from 1*0 To 1 A12 by the front : 
wheel will form a V-shaped wave — 7 





wave produced — 
al (0) when t=0 


(Q) | "i (1) 





V-shaped “bow 
wave“ from front 


| Wheel 
as shown in the second ligure i 

( provided V>c ; syoerorit ical | Y 

bike speed), — T 


From the geomeiry ot the figure 
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10.43 Determine the minimum depth in a 3-m-wide rectangular 
channel if the flow is to be subcritical with a flowrate of 





Q = 60 m/s. 
0 -57 
- 8 ae - 2o , where V~Ẹ when y-=depth~ m 
Also, 
JP S m 2. 6.37 


Wy ~ [(4.81 $3 )y] ^ ym 


Note: As y decreases, Fr increases 
Thus, do have Fr<! we must have AA l 


y »(639)^ = 3,4%m 


+ 


[0-/0 
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10.14 (See Fluids in the News article titled “Tsunami, the nonstorm 
wave,” Section 10.2.1.) An earthquake causes a shift in the ocean 
floor that produces a tsunami with a wavelength of 100 km. How 
fast will this wave travel across the ocean surface if the ocean depth 


is 3000 m? 

) » 
x -|# tanh (27¥ | , where À * 00km =10°m and y = 2000m, 
Thus d 


J 


z 5 
Cz] 281 8> (10°m) 2m7(3000m) Y] ^ 
[UR n. tal PET org 
or 


c= 17 (34905 )( 2 = gg ke 
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10.15 Water flows in a 10-m-wide open channel with a flowrate 
of 5 m?/s, Determine the two possible depths if the specific energy 
of the flow is E — 0.6 m. 





4. 
E-y* ue. where E=0.6m and 
-Q s m 
f b — "Jom =O45% 


Thus, Eq 4h) becomes 
to, (08%) 

ARNE Y (2) ($80 2,) y*n* 

d "TM 

0.6 -yt-E 7 — , where y^P 

Solution to this equation GIVE 


y= 0,569m and y 7 0.173 m 
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10.16 Water flows in a rectangular channei with a flowrate 
per unit width of g = 2.5 m?/s. Plot the specific energy diagram 
for this flow. Determine the two possible depths of flow if 








E = 2.5m. 
É vs G | į (2.52)? ay 4 O39 
I /*29y? "Y" a(qgitys 77 VF 
hus, plot 
Ex y+ Oo , where E~m, yem 
A a k 
Z2 5)? 3 
t y= g (E d = 0.860 
Mole: y, (3 ) 2817. m 


anao — | 
Emin = 2 Y- - = (0.860m) zL29m 





posue 
yvsE 
2.5 TmT— 
Da esito aet ad 
1.5 4|— 
E 
> 
d du 
0.5 
^ I 
0 es p= i — | 
0 0.5 1 1.5 2 2.5 3 


i | 0.3/9 
For E-2.5m, £e. (1) I.S 2,5 =Y + y? 


Or y3 -2.5y? t 0.31? =O 
The roots to this equation are y= 2-45 , 0.338 , and - 0.335 





Thos, y= 2.45 m or y * 0.388. m 








MÀ à — a 
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10.17 Water flows radially outward on a horizontal round 
disk as is shown in Video V10.i2and Fig. P10.17 (a) Show that 
the specific energy can be written in terms of the flowrate, Q, 
the radial distance from the axis of symmetry, r, and the fluid 


depth, y, as 2 
E Q \ 
=y |] — 
i amr] 2gy? 


(b) For a constant flowrate, sketch the specific energy diagram. 
Recall Fig. 10.7, but note that for the present case r is a variable. 
Explain the important characteristics of your sketch. (c) Based 
on the results of Part (b), show that the water depth increases 
in the flow direction if the flow is subcritical, but that it B FIGURE P10.17 
decreases in the flow direction if the flow is supercritical. JEN ee i 





Q 


| sh coe y _ @ 
(a) The specific energy is E=ytsq , where V=4 = mr 


T hus, E x 
E= y *(zzr) 29y* 


(b) Lel G = a sothat E=y ta which is the same as for 


two dimensional flow with G = 2 being replaced by Q . However, 
for 1wo dimensional flow g Is constant ; for radial flow is a 
variable since r varies. Bul E vs y curves for constant à would 


look Q5 Shown below (Fig, 10.7), / subcritical 
y 


(c) From the Bernoulli equation 
E Í -E, or k= constant for this flow, 
Consider subcritical flow —point 
A. For oulllow r increases so that 
decreases. Thus since E=const., / 
the flow goes from state A, doa; | 75 
the depth increases. For sub- m 






Super- 
critical 


incPeasing "i 















critical inflow r decreases, G increases, ^^ Fi7Ea 

the flow goes from A, to Az and the depth decreases. 

For supercritical flow + is irve. Thes, subcritical | supercritical 
outfow increases r, decreases J; 0r inflow depth | depth 
from B, to B4— decreasing depth. decreases | increases 


n p 
Supercritical inflow from B, lo Bj- —— oviflow E , lm - 
increasing depth. | 


pE 
! 
asus 
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(4) 


10.18 Water flows in a 10-ft-wide rectangular channel with a flowrate 
of 200 ft*/s. Plot the specific energy diagram for this flow. Determine 
the two possible flowrates when the specific energy is 6 ft. 


O N3 
L00 


2. 
de J where / dii b lott 





E c 


Thus 
" (20 H% a 
Ee y + 2, (32.2 fs?) y> 


E - y+ $2 , where E and y ^f 


2a 


Eq (i) ivilca iud 





3 
Y -éy*4,2190 which has solvtions 
y 25,62 fl gn y*4129 f$ 








These Valves are shown in the above figure. 
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10.14 . Water flows in a rectangular channel at 
arateofq — 20cfs/ft. Whena Pitot tubeis placed 
in the stream, water in the tube rises to a level 
of 4.5 ft above the channel bottom. Determine . 
the two possible flow depths in the channel. Il- 
lustrate this flow on a specific energy diagram. 








fi M +z, = rT where 2,722, 
V,=0, & =h, and e = 45-(y-h) 
Thus, ; m; i 
h*gl - 4s5t-yth , or fe =45-y 
bul, G 208 

V = — 

i y y 
Hence, | 


(Y) -245-y or y -45y^46.20 20 where y-fl 
2(32.2 &) y y á i á 
The roots of this egvation are y= 41%, 1.42, and -1.06 


Thus, | 
y= VI flor y - 2f 


B (20 ££) 2 0.6. r | 
E-y tsi Y iurilyyr or Ex y+ iym e 
kg S 


The specific energy diagram (plot of £g. (I) is shown below. 
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10.20 Water flows in a 5-ft- wide rectangular channel with 
a flowrate of Q = 30 ft/s and an upstream depth of y, = 2.5 ft 
as is shown in Fig. P10.29, Determine the flow depth and the 
surface elevation at section (2). l 


























FIGURE P10.20 


TT 
Ba Waa tee E uz, Mn 70, 2,2, 721i, 2, 02H ty, 


.Q. Gof) oy - Pr 
V; ^ = agen =3 S, and V7 X7 (SfÜy, ~ Ya 


Thus, | 

Gp £r) = E ee 

P. Ux +0.55q = “0 which has roots Ya" 1-77% 0,632, and - 0.632. 
Note: Fr, = — B apan“ ~ aE 


If y, = 0.632, then Fol, This y 
cannot be since there js no “bump” 
between (n and (2) at which critical 
conditions can Occur: — 


Thus, yos 777 fl and 22> 1.974 fl 












10.21 Repeat Problem 10.20 if the upsweam depth isy, = 0.5 ft 








y= Ar `  (osmtsm "y d and = 7 = (58A * Ya 
- " (f 2 
S$ y2 4 
2(32.2 E) "e 2(52.2 8) +0.2 ff ty, 
or 
y3 -2.53 y" * 0.559 =O which has roots y, « 2.74, 0.528 and -0. 434 


TM" I2 E 
Note : np, "(522 Eo. er] Hosa] = 2.97 >|] y 
Tf y, = 2.444, then Fra<l. This cannot be 
since there is no "Dump" between (I) and (2) 
at which critical conditions can accur. 







` y,70528 ff 
Y = 0. St 





Thus, Y,= 0.528 ft and 22.7 0.728 ff 


/o-/'8 


* [022 | OO 


10:22* Water flows over the bump in the bot- 
tomofthe rectangular channel shown in Fig. P10.22 | 
with a flowrate per unit width of g = 4 m/s. The 
channel bottom contour is given by z; = 02e, - 
where Z, and x are in meters. The water depth d 
far upstream of the bump is y, = 2 m. Plot a 
graph of the water depth. y = y(x), and the sur- 
face elevation, z = z(x). for -dAmzxx4m. d 
Assume one-dimensional flow. | B FIGURE P10. 22 





Wa ov" 
f tagt = it T where "AN 70, Zi") 72m, 227 yg 
or Z =y +02 e” | * Y= = zT "28 and V= $ = A 





2m 
f2 my _y2 
Thus, EC M +2m= (FF) gy +y+0.2 e 
2.(9.81 3) TOA 
or | x? 
y -(2.20-0.2& )y** 6815-0 where ym a) 
Solve for y - -4£X£€ m 


Nole: Fr, = "LAE EC = 0,452 <l 
"ni [8i A(2m)|* 


Thus, the Flow will remain subcritical 
throughout — the largest root of Eg. (i) 
will be the correct one. 





The following results are obtained by solving Eg, ( for y 
and then Poi "X for - mexsitm, 


£x, m ym zm 
0.0 1.727 1927 
0.5 1790 1.946 
1.0 1.901 1.974 
1.5 1969 1.990 
20 1.991 1.994 
2.5 1.995 ^ 1995 
3.0 1.995 1.995 
3.5 1995 ^ 1995 
4.0 1.995 ^ 1.995 
(con't) 


eor 


| 70.22%] (cont) 
The above results are plotted inthe graph below. 





ZVS X 


z, m 








* 10.23 | | 


*10.223 Repeat Problem 10,22.if the upstream depth is 
0. 4 m. | 





gom 0.2e - Y 
FIGURE P10.22 


Ww 
4 5 Z = "s +z, where A -Ü zg* 209m, Z-ytZs 
Or Z-ytoz2e^ , We T -4E -10$. and V= t = + 
Thus, (108) — (FR -X 
+0. ty +0,.2.e 
2 (4.812) uds 2098/2) pem 
A 
yi - (5.50 -0.267 Jy? + 0.8/5 =O where yom Ww 


Solve for y A -ZXY m 
Note: E WO a e omes 4 
" WW [(a81%) (0.4m) 
Thus, Ps f low will remain supercritical 
throughout — the smallest positve root of 
E¢.t) will be ihe correct one. E 





The following res i ts are obtained by solving Fg. ? for y 
and then Z = qum x for om LX € "77. 


£x, m ym zm 
0.0 0408 0.608 
0.5 0406 0.562 
1.0 0403 0.476 
1.5 0401 0422 
2.0 0.400 0.404 
2.5 0400 0.400 
3.0 0400 0.400 
3.5 0400 0.400 
4.0 0400 0.400 
(con't) 


/023*]. (con't) 
The above results are plotied on the graph below. 
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10.24 Water in a rectangular channel flows into a gradual 
contraction section as is indicated in Fig. P10.24. If the flowrate 


is Q = 25 ft/s and the upstream depth is y, = 2 ft, determine the 
downstream depth, y;. 


a | | (2) 


Side view 


y? A v ee iT eT, A 
AL + ŽL + Z, = +29 +22 | where P =’, z=y=2ft Za = Ys, 


3 — 2. 
9. 257 | eft 
y= 4 = T] =3.3 and u- S 25 8.93 


4n ^ (HX Ya 
Thus 
j | (3.3 £y + 2f] - (2y + 
262.24) ^" 26228) ^ 
or 
| y? - 2.15 4? * 1077 =0 whick has roots y,71.828,0.996, and-0.623 «0 
| S i 
Note: Fr = Vi. TM ince = 0,390</ 
|" hy [(32.245y(2 (14 


Since there is no relative minimum 
area belween (I) and (2) where critical 
flow can occur it follows that Fr <! 
also. Thus, il is no] possible fo 

have Vo = 0.946 








J hus, y," /.828fl 





= 
Kenia 


[0.2.5 | 


10.25 Sketch the specific energy diagram for the flow of 


Problem 16.24 and indicate its URS characteristics. Note 








" Ho 
E-ytz ia : | : 
Thus, fo the b,7 ^*fl chamel, $,7 L di ER 625 f 
or 
. (6.25 gy " 0,607 
E-Y* 3022 Roy? OF E= yt ga É 
" . 
For the b, 3 fi channel , 4,7 t T = 8.33 if 
2,2 
aye BBFS 1077 
E t 2622 R)ya or E=yt EL (2) 
(£.25 Y V | 
Mote: yz Gr so that y= (#5 = (Sa) = /,067fl 
and 
2. : 2 LE 
= 2 a (8. 335^ "o 292 f 
xL (aee, 


Also, Eqn = z , hi D = 2 (1.067 fl)» L&0f 


Emina = Z (1.292 fl)» 13388 
The specifi c energy diagrams (Egs.(1) and (2) are plotted below : 


P -q = 6.25 cfs 
po -4- 8.33 aa 


I RN — 








f p y, 


^ (see Prob. 19.19) 
ey, 75294 ff, Ein, = 1.9398 fl 











[| d 
2 2.5 3 
BnB — 

2t11 * 282.38.) 2./5 f4 
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10.26 Repeat Problem 10,2if the upstream depth is y, = 0.5 ft. 
Assume that there are no losses between sections (1) and (2). 





Top view 


FIGURE P10.24 





Side view 


Sie M zi 9:4 T4 where f = f2=9, 2,=¥ =OS fi, z= Ya, 


3 
25s% ig Q _ 2 _ 833 
y= &. amos 725s, and k= Ar = GHD ^» 
Thus, | 
(12.58) Hs A (52 ry 
2 (32.28) "77 2 (32.2.1) 2 
or 


3 s 
Yo -2.93 » * /.077 =O which has roots y,= 2.79, 9.69% and - 0.555 


» 12.5 # 
Mote: Fr, = Er [(32.2 ££) (o. t4 


Since there is no rela live minimum 
area between (1) and (2) where critical 
flow can occur it follows that [r,7] 
also. Thus, if ts not possible to 
have Vy = 257F (the subcritical root). 


Thus, = 0. 694 ff 





= 3./2>] 








[0-25 
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10.27 Water flows in a rectangular channel with a flowrate 


per unit width of g = 1.5 m?/s and a depth of 0.5 m at section : (2) 
(1). The head loss between sections (1) and (2) is 0.03 m. Plot (1) 

the specific energy diagram for this flow and locate states (1) V V2 

and (2) on this diagram. Is it possible to have a head loss f ^ ^ y, A 


0.06 m? Explain. S | i 


£ 24 tZ, = be TZ; th, ; where p*f?, Z,"05m, Z2 "Mes e) 








- L5 m ise 

V 7 H Á ^r Mie , 4nd 5 $- Vo 

T hus, with E= yd and h= 0.03m £e) is 
E, = E, +0.03 

Also, F= y+ g7 (1. 5m)? 


TTL s dii 2 (1.84%) y* 


Ee. (2) is ica below. 
Note: y, (E) (ey = 0.6/2 m 


or 
(2)] 





9,8) 2 
and 
E 2 z E 
A Emin = 2 ot 3 (0.612m) = 0,918 m 
vse ot m? 
M RENE L1 UN " 0.9.5 
(A 22. 2(2812:)(0,5 m) um 
and E= £,- 0.02 = 0.929 m 
1.6 
eo tt | Note: If hy, = 0.06m 


with £,- 0.959 m so 


1.2 r that Eo =£, - 0,06, 
1.0 then 

c Ez -0.844. m < Emin 

> es Thus, it is not possible i 
0.6 - Jo have h,=0.06 with | 
0.4 the given 9 and y, . 
0.2 
0.0 


00 02 04 06 08 10 12 14 16 


E,m 
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10.28 Water flows in a horizontal rectangular 


2) 
channel with a flowrate per unit width of q = 10 Boo 
ff | | | 
ft?/s and a depth of 1.0 ft at the downstream y y y, — V 


section (2).. The head loss between section (1) 
upstream and section (2) is 0.2ft. Plot the specific 
energy diagram for this flow and locate states (1) 
and (2) on this diagram. | : 





. e fi? 
| 2 and \=/ff 
Thus, with E= y E7 ? 
ft^? 
revs $.. (Oy — 
Ey "agys ^ y * 2228) 





E-yt s where E~ fl, y=. (2) 
and Eg. ll) gives E,=E2th, =F, +0.2 tt 
Eq.(2) is plotted below. , 


l yK 
Note? y, (4 jt wiy =A 40H, Ense dy =E (HI) = 2.19, 
: (t 682 | | 


/. §53 mae 





A 


553 
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10.29 Water flows in a horizontal, rectangular channel with an 
initial depth of 1 m and an initial velocity of 4 m/s. Determine the 
depth downstteam if losses are negligible. Note that there may be 
more than one solution. 


E = / rrr se aa J uin from the mitral conditions 
y =m and g, 2 = nl - (4m/s)(1m) = ym 
D od (Y 

- « l "- gi = 5 
E =y » Im * (88 Im) poem 
(Note: Since m i Ec y*z Uy. = y ta 


With no losses, £4 ^E, , so that 4 "4. (4. e. d. q,b, = = Qa Faba; 
Hence, pee with b,=b3.) 

E, =/.815m = y, ‘Bye " 

or 

|,915 =y% + +o? 


which has. soliti ons 
y =/m (same as the initial depth) 


of 
y = 140m 





The energy diagram and these two depths are shown below. 








(3 
ae 
QI 
oar 
70.30 ME 
10.30 A smooth transition section connects — 


two rectangular channels as shown in Fig. P10.30. 
The channel width increases from 6.0 to 7.0 ft 
and the water surface elevation is the same in i NN 
each channel. If the upstream depth of flow is 3.0 FIGURE P10.3 D . Top view 


ft, determine h, the amount the channel bed needs - 
(0. E 
d 9 Mmm mm o ai a =. : D d E QUAE jd T ' 





to be raised across the transition section to main- 
tain the same surface elevation.. 





Side view 


Thus, V=% or | 


4 - A Hence, A-Aa or (&fIGfI) = (7H) (3t -h) 
a = 0,427 fl 


Note: "LE. = 2 and 6 = & «4, 
nd 


2 2 
Ec +e and E,7 4* zs Thus, since =e 11 follows 


| hat 3 -£ = y, " X 
7he up speaifi ic energy diagram is as indicated below: 
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10.3! Water flows over a bump of height 
h = h(x) on the bottom of a wide rectangular 
channel as is indicated in Fig. P10.3} If energy 
losses are negligible, show that the slope of the 
water surface is given by dy/dx = —(dh/dx)/ 
[1 - (V7/gy)], where V = V(x) and y = y(x) 
are the local velocity and depth of flow. Com- 
ment on the sign (i.e., «0, =0, or >0) of dy/dx 
relative to the sign of dh/dx. 





.— FIGURE P10.2) 


For any i. points on the tree surface : 
y tZ, = Gt 5 +22 , where f= = p20, Z,= y, and Z: = hty, 


Th "s E ht y= un So that by differentiating 


BV | 
T pego A 


Also, for conservation of mass 


V, y, -Vy or VR ry% =0 or He ~ dy 2) 
Combine Eos. (D and (2): 
V -Y d p ~ (gh) 
9 ay ) + dh r% =O , or er. - iz) 


Note? If Fr "6 «1, then gh and dy have the opposite sign 


JE Fe 21, then B ang 4 d "ace Fp «el 
have he same Sign. aw dh >o 
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10.32 Integrate the differential equation ob- - 
tained in Problem 10.31 to determine the “draw- 

down" distance, £= f(x), indicated in " P10.31. Vr 
Comment on your results. cen 


M 





u^ hà) | 
FIGURE P10.3] 


From Problem 10. < 


d -(#) V, 
= 2 y where Vy =V „or V= MP, 
d (\-(#)) dili í 


Thus, y. LV WK ga 


FY RA gy 
dy mu or [1- (44) ]ay x -(42)ax 
9 


p dida from y=y, and X Oo, with a a given function of x. 


fi- y Jay - fte | = fhe 


~ : 


T y- (BEY =-h Thus, y AREN yA =-h 








| N 
or 7 
y -(y* $ ‘-h)y24 (3) E) | 
Obtain y*y(x) from Eg. () and then L7 f) from y,=h+y +h 
or k= Y; -h -y 


Note: Eq U) is nothing more than the Bernovlili equation: 
2 ty, = Xr y+h with V= “y so that 


2 y, E tyth which simplifies fo Eq. 2) 


10-31 
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10.33 Water flows in the river shown in Fig. 
P10.33 with a uniform bottom slope. The total 
head at each section is measured by using Pitot 





tubes as indicated. Determine the value of z} = 620.1 " | 
dy/dx at a location where the Froude number is z3 = 628.3 ft z2 = 618.7 ft 
0.357. | x2 — xj = 4100 ft "PEL S 6230M 
x i s FIGURE P10.33 
dy | Sp-So =i = ¥3~Zy _ (628.3- 625. on 
or 0.5 o* Z- Z2 | a. - 6/8.7) ff _ ~ 
Sp = &. ze and 5,773 = gon = 34/0 
Thos, 
dy | 8.05xI0*~ 3 „yis? 
mem ee — WS : ' 
dx I~ (0.357) - 0.000532 (i.e. 2.8) $$) 
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10.34 Repeat Problem 10.33 if the Froude number is 2.75. 


=} 
<3 
+2 


If 


620.1 ft | ^ 
618.7 f 


628.3 ft | i go 
xj = 4100 ft z4 = 025.0 ft 


FIGURE P10.33 


ft OU 


ay = pe , where from the figure S; = = A = (e.s UR - Sa o)fi 
l- 


- Wo cu ZiZa _ (520.1 - 6182 iuit 
or Sr 8,05 x/0 and S, ? = 2006 5 234] 
Thus, | 


dy _ &05xl0* -3,4IxlÓ^ — . " 
Se 7 7 IO fias anas fi 
dx 17 (2.25)* = . (i.e, 0.37327.) 
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10.35 Water flows in a horizontal rectangular channel at a 
depth of 0.5 ft and a velocity of 8 ft/s. Determine the two 
possible depths at a location slightly downstream. Viscous 
effects between the water and the channel surface are negligible. 


T-— 
= : FEE O WS PN = f, 
in pr “7 32.2 HAOS) i 


Thus, with Fr 71 there could be a hydravlic jump with y,» y, =0.5H, 


If so, then 
P AATA Ao TTT s 
So tht — 


y, = 2.36y, =2.36 (0.51) = L/éeft 


Hence, either yp = 0.5 f+ (no jump) or y,  L18 fl (with jump) 
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10.36 Water flows in a 5-m-wide channel with a speed of 2 m/s 
and a depth of 1 m. The channel bottom slopes at a rate of 1 m 
per 1000 m. Determine the Manning coefficient for this channel, 





K m? : 
(1) =- fh, Ys, where 
. 1m | , 
S. 7 7000m 0,00] X 7l and 





A _ Im(sm) Es 
Rh = P ~ (emtintim) | 7" 


Thvs with V 22 € from Ee. CU 


> (Tn 


n= Q, 01 2-6 


m—— P 


10.37. 


10.37 Fluid properties such as viscosity Or 
density do not appear in the Manning equation 
(Eq. 10.20). Does this mean that this equation is 


valid for any epen-channel flow such as that in- 
volving mercurv, water, oil, or molasses? Ex- 


plain. | 
The Manning equation , Q =i A B, 5” , was “derived” specifically 
for water. If is not in dimensionless form and cannot be vse withoot 
alteration (é.e.different n valves 5 different dependance on ^ A ek) 


for other fluids. 
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10.38 The following data are taken from 
measurements on Indian Fork Creek: A = 26m’, 
P = 16 m. and $, = 0.02 m/62 m. Determine 
the average shear stress on the wetted perimeter 
of this channel. 


7, = SR, Se , where R,- A 


26m”\/ 0.02m) _ N 
Thus, Ty = (0800 (a) iam) = 5. 2 
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10.39 The following data are obtained for a 
particular reach of the Provo River in Utah: 
A = 183 ft^, free-surface width = 55 ft, average 
depth = 3.3 ft. R, = 3.22 ft, V = 6.56 ft/s, length 
of reach = 116 ft, and elevation drop of reach = 
1.04 ft. Determine the (a) average shear stress 
on the wetted perimeter, (b) the Manning coef- 
ficient, n, and (c) the Froude number of the flow. 


,04- 
a) ty = à Rh Sy j where So = nsi = 0,00897 


Thus, T, = (62.42, )(222)(000847) = 1.8015, 
b) Q- AR, E" - AV , where 719? 
Thus, _ 149 Rs Ge - (149) (3.22) 2(0.00897) 
n V 6.56 


A 
= 0.0469 


2-4. 659 — 6.56 4 = 0.636 <] (suberili 
c) Fr Tay [32.2 8 (3.38)] jg = 0.636 subcritical) 
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10.40 Ata particular location the cross sec- 
tion of the Columbia River is as indicated in Fig. 
P10. ^0, If on a day without wind it takes 5 min 
to float 0.5 mi along the river, which drops 0.46 | LL eee | 
ft in that distance, determine the value of the —’ 0 400 ` 800 [C -1600 2000 . 
Manning coefficient, n. | " (0 Width ft | 

| FIGURE P10.40 


Depth, ft 





From the given da la, V= 





(0.5 mi)(5280 fh) -8.8 a8 
(5 mi in) (60-57) 
From je os equation, 
- (E itt LEER, cia ca 
V KRES o » where " 0 (0. Smi)(52802;) 000174 (I) 


and 5-8 
Approximate A and P trom n figure aS 


Ae thy = 4 (17008 )(44H) = 27400 ff? 
an 


^ 22400 f? _ 
P« /800 ff 7 bus, hz 1900 fi = 20.8 ff 
Hence, trom Eq. () : 
8.8 = £97 (20, 8) ^ (0, 000174)* 


or 
n= 0. 0/69 
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10.41 A 2-m-diameter pipe made of nished concrete lies on a slope 
of 1 m elevation change per 1000 m horizontal distance. Determine 
the flowrate when the pipe is half full. 








L/. 
Q=AV = AR, "Ys were K=} and S, err = 0, 00] . 
Also ÁA-z(£b) - £ (2m) =S 7m” 


and z(£p) 
R= = TY = p = 2M 20,5m 





From Table 19,1, for finished concrete , h = 0.012. 
Thus. - Fa. (1), 
3 


m 
Q = ms (1,57) (0. s) * Vo.o01 = 2.61 —— 
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10.42 Rainwater flows down a street whose cross section is shown 
in Fig. P10.42. The street is on a hill at an angle of 2°. Determine 

. the maximum flowrate possible if the water is not to overflow onto 
the sidewalk. 


| bin. 
Asphait street 









DHMARUCIEY WANT a 
SAGE ARs STR Nt 






Sidewalk - 


Concrete curb 


BFIGURE P10.42 


T 
Q- dA RES, , where K=1L49 and S, -lan2'- 0.0349 a) 


Although part of the channel is asphalt and parl is concrete, since 
the valve of nis similar for each, vse n= 0.016, the value for asphalt. 


Also, approximate the cross section 


as a triangle as indicated. le— b= joos) -5ft—] - 0.5 ff 
| -F 
Thus, (oe. [/ ds 


A= i(s:o5)(o.5) fl^» 1.375 ft? 10 E 
M. 
Ps y2 (o.5f0- (5 m? H054)? = 5,73 ff 
so that 


-ÅA 1.378 4" _ 
PEE E 73 fl = 0,240 f} 


PP, 2 Eq, (0: 
4 p 
Q= I LTL (1375)(0, e" [0.024 = 225 
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10.43 
in the rectangular channel shown in Fig. P10.43 
because of the addition of the thin center board? 
All surfaces-are-of-the same material... | 





Center board 


By what percentis the flowrate reduced 





Q- X AR s. 
Without the centerboard A = sbl) E E R= B= -2 


or nue 
Qai = (E(B)? 5," " 
With the Pi san ard Kuih = 2, where ms (2), 

"is Pa = 12 = aoe 


3(2) iL 





% o 


7 2 K( bY (b) . (2) 
Divide Eq. (2) by Eq.) i obtain Qwith _ 203) (b 2) 


TSN TEAS = 0,763 
Ouithou thov? (2°) J)ó 
a 100- 76.3 = 23,7 WA reduction | (p) 


| 0 -#2 


J0. ^4. 


10.44 
ifornia, was used from 1890 to 1923 to carry logs from an el- 


evation of 4500 ft where trees were cut to an elevation of 300 
ft at the railhead. The flume was 54 miles long, constructed of 
wood, and had a V-cross section as indicated in Fig. P1047, It 
is claimed that logs would travel the length of the flume in 15 
hours. Do you agree with this claim? Provide appropriate cal- 
culations to support your answer. 


The great Kings River fume in Fresno County, Cal- 





B FIGURE P10.44 


L = distance T Vg t, Thes 


- L . (s4mi) (S280 tai) _ cag ft 
Vig £ (IS hr) (3600 s/ hr) ade 


Determine the aver age water velocity 5 y, gnd compare if with pps Vog - 
V h R TS, ; where K E14? A= + (fr) = 0st” P 2fl 


-A ast _ 
e k,= 4 = A = 0.25 ff 
0, | 
Az, [^45s)00-300)f T 
5.7 "= Gem)(satodi/m) l d 
Thus, with N=0.0/2 (see Table 10.1, planed wood), 





y= Le (0.25) 10.0147 = 6,97 it 


Mole: Vis slightly "m than Vog. Thus, the m appears jo be 


HABE | Yes. 
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10,45 | | 


10.45 Water flows in a channel as shown in Fig. P10.45. The velocity 
is 4.0 ft/s when the channel is half full with depth d. Determine the 
velocity when the channel is completely full, depth 24. 





BH FIGURE P10.45 


Veg X gr ys $0 that 


V, K E fs; 273 
(0. E ds K p SEE o0 RT. 1 Piu | since X, n, and S, are the 
yw h P ^ x full same fop both the fuil ahd 


half-full conditions. 


Nh. fvil 


Also, , - 

- (24)(10 _ 10 
Ratan 7 (P u^ (I 442424 d) 7 d 
and 


fh) (M) x 
ALT (Fh py ind didi 6 d 


Thus, from Eq. (I) | 


Z 
Ya. (4 
duy 7 
Vit V4 | 

or 


: 8.575 H 
Vaou = 1432 V, pg BAUS = 5.73 
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10.46 


| 2 
10.46 — A trapezoidal channel with a bottom o EE 
width of 3.0 m and sides with a slope of 2:1 “Al 
(horizontal:vertical) is lined with fine gravel a z 
(n — 0.020) and is to carry 10 m?/s. Can this he 3m — 


channel be built with a slope of Sy = 0.00010 if 
it is necessary to keep the velocity below 0.75 
m/s to prevent scouring of the bottom? Explain. 


Determine V with Q7 jo 9t and S, = 0,00010. | 
- -XAR YS; | where A- 2y[3*G**Y)] = 2y**3y (0) 
and R= with P=3+2 em 


Thus, i 
I0» —L- (2y*+ peita to.0001* 
ed _ (2y*+. 2, 3y)” ; : 
me er yy which can be written Qs 
— (seats yf "=o PAP (1) 


A standard rool-f min computer program gives the solvtion to £e. (D as 
y 22.25m 


= Hence, from Eq. (o) 4- 2 (2.25) + 3(2.25)=/6.9 m? 
S0 that 





= = m 
Mea 253 


V «0.75 2 so that scouring will nel occur 


NL AF TRI aaa a 


Thus, 
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/0.47 | 


10.47 Water flows in a 2-m-diameter finished. 
concrete pipe so that it is completely full and the 
pressure is constant all along the pipe. If the slope 
is Sy = 0.005, determine the flowrate by using. 
open-channel flow methods. Compare this result 
with that obtained by using pipe flow methods of 
Chapter 8. | 


For open channel flow Q = x ARS S 4 , where X*1 
Also, A= ZD*- Z(2m) = 3.4 m and P=7D=6.28M so that 


R _ A _ 314m? | 
hT P^ 628m ~ 


Hence, with n= 0.0/2 for finished concrete (see Table 10.1) 


Q= (3.14) (0.5) 4 (0.005) = 11.7 E (open channel) 








For x Flow with constant pressure : 


p y [ell 
Wez = Bp Y iz, £535 —— 
"m : I 
e f^ F f£ and V,= V, Es 
Thus, wilh AT =S, : Jl 
LS, = - [£x 29 | 
or : | | 
fV» 29DS, =2(9.81%)(2m)(0.005) Thus, IV 0.196 (i) 
From Table 8.1, for smooth concrete & = 0,3x/0 ‘m/2m=L5xl0O~ 
| -. V(2m) 
Also, Re = XD P= TIL = 1,.79x10°V "- 
and from the Moody shari (Fig. 8.29): | 
Solve Egs. (1), (2), and (3) for f, V, Re: t NN (3) 
Assume f= 0.015 so that trom Egt) MEE | 
0.196 | | 
Voss]. = 3.412 Re 


"Re = /.79xJ06(3. 61) = 6.46 x/06 ` Thus Do» Eg (3) (Mordy chart) 
f= 0.013 + 0.015. Assume f=0.013, op Y- ||: a ]*-5582 | 
so that Re =/.79x/0°(3.88) = 6.25 x/0$ Thus, from £g (9). f= 0,013 (checks! 
with the assumed valve) Hence, V=3.982 or 


Q-AV- Zif2mY (2858) = 12.2% (pipe flow) ~ 1.72 ( open channel | 





—- : 


O 


lo | 


10,448 Water fiows in a:‘weedy earthen channel 
at a rate of 30 m/s. What flowrate can be ex- 
pected if the weeds are removed and the depth 
remains constant? 


Q- A Ry SÉ Let ( ) denele no weeds ; ( ), denote with weeds. 
Thos, since w= Anw , Phu = Pray and Sow = Sony it follows that 
Qu E Aw do 


q 


Onw X % 4 ene 
Ww ft 3, 73 n 
Arw Rae Sore w 


From Table 10.) fy = 0030, n „= 0.022 
or 


-h _ 0.030 3 : 
nw = E Q, DE 0,022 (304) TY 40.9 £2. 
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10.44 


10.49 A round concrete storm sewer pipe used to carry 
rainfall runoff from a parking lot is designed to be half full 
when the rainfall rate is a steady 1 in./hr. Will this pipe be 
able to handie the flow from a 2-in./hr rainfall without water 
backing up into the parking lot? Support your answer with 
appropriate Calculations. 


f - 4 AR VS 

Let ( ), denote conditions when the pipe is half full and ( ), when 
the pipe is full. 

Thus, A= Ẹ D, R= A/R =(8 D?)/(Z b) = p/4 

and A,- z Ry, 24, /E. * (E D*)/ (TD) = DI 

Also, So) Z Soo. ‘and n, = M 





ji ere Uns u 
A AR a. M E VR (Fp7)(2) j oL 
a7 XA | Aa R; m Ay Re? (Ep 2) ^ 7 


That is, Q, 22. The full pipe can carry twice that of the 
half-full pipe. It can carry the Z in, /hr rainfall. 
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10.50 A 10-ft-wide rectangular channel is built to bypass a 
dam so that fish can swim upstream during their migration. Dur- 
ing normal conditions when the water depth is 4 ft, the water 

. velocity is 5 ft/s. Determine the velocity during a flood when 
the water depth is 8 ft. 





Let ( ), and ( ) don normal and fhod conditions, respectively. 
Thus, | 
0 Wen 4 Ry, 15, " 


25 
(2) V = 7 Ph Isp 
V. os Np 3 Son = So, and 


A, = LOH lat) = 40H? A, = pofi (et) = eof 
P, = tos 2(4H)=/Ett R = lot t 20810) =26 f 


A yott 
aN IL 
- A. got 


Hence, divide Eg (3) "^ I to obtain: 


Krt (-2: opti 
+ - - (Bi) cuoi EA Pr 
SO that 
y= l2# | = m— = 6,224 it 
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*10.52 Water flows in the painted Steel rectangular channel 
with rounded corners shown in Fig. P10.52.The bottom slope 
is 1 ft/200 ft. Plot a graph of flowrate as a function of water 
depth for 0 = y x 1 ft with corner radii of r = = 0, 0.2, 0.4, 0.6, 


0.8, and 1.0 ft. 





FIGU RE P10.52 


ar imoa, omma 


Q- X AR, S^. Vl X= 149, from Table /0.1 ) n= O. 0/4. É aud en 
87 DART = 0.005 
o 200fl ud: 
(a) Assume yr: 
Thus, A=2(y-r)+r(2-2r)+$ rr? 
or A= 2y-(2-F)r? 
and p=2 ( y-r ) t(2-2r* zr 
or P=2y-(4-mrt2 — 3) 
Hence, with hy* T £es. (1), (2), and (3) give | 





Q= 4L LHD A’ ds (hoe 
or 








0.074 | 
[2y- (2-B)r2] ^ | s. £43 | 
2753 PES NOM MEE 7. rsy<]} ^ d n= AHi 
Q [ay mra] for Ty), where r~ft y^fl ^ | 
(b) Assume yer: Ra 7 ] 
Thus, A= A, +A,+As Dy .@/ 
From Example 10.5, with D=2r | 
AA, ar) Y (8 - sin&) where O^ rad and ira 
cos $ = LI rey | | | 
ln Az £(6- -sin@) + (2- -2r)y (s) 
Als, P= 2-2r+R+P, , where 
from Example 10.5, R+R = Gne -f0 


Thus, P= 2-2rtr8 = 24(0-2)r (6) 


By — Eqs. (1, (5S) and (€) we obtain: 


Q- L7 0. aT A dus (0. 005) * 


35 
or j 
0 0) *(2-2r) | | 
Q=753 Eoaea] for oer, where re ft yeti (7)| 
|2 +(9-2)r] Q^ i E and 0 = 2 cos ac. rad 
[0-50 


O 


/0.52* | (con't) 


The resulis, Q=Qly), are plotted below for r= 6, 0.6, and [fo 





Lom 
[ueque r= 1.00 ft 





1 9- 51 






]0.53* | 





10.53* The cross section of a long tunnel car- 
rying water through a mountain is as indicated in 
Fig. P10:53. Plot a graph of flowrate as a function 
of water depth, y, for 0 <= y < 18 ft. The slope 
is 2 ft/mi and the surface of the tunnel is rough 
rock (equivalent to rubble masonry). At what 
depth is the flowrate maximum? Explain. 


FIGURE P10.53 


Q K AR D; wine K-2479, S= z2gop "0.000379, 


and from Table 10.5 n= 0.025 


(a) Assi me y<12fł: Thos, A=!2 y and P= 2y 42 
so that fy = £- LE... 5y 


yey M E? 
e p 





Qe #60 uw for y </2 where y~ fl, q~ = 





(b) Assume I2sy&/8 , : 
Thus, A= (12. £4)? + El - 4, : NO | | 
where „fram Example 10.5 [ | y 
A= P 0- smo), wilh cose j= ^ E: IH | 
Hence, trom Eg. le—— 12} —4 
A= 20lft — kí L (9. sing) 
p | y o AH 
A=201 ~18(0 -sinO) ft, where O~rad : 
Also, 


P= 3024) +( p OEH = 36 +6C7-0) fl 
Thus, with hy, = E Egs. (D, (9) and (5) give 
Q= 422. [201 -/8(6-si26)] 7 ss 
M 0.025 [36+6(7-0)] 7 


Í, 
Q= 43.4 - (/ e, for 122 y s/8f1 T where O~rad, 


EC g and O7 2c as (227) 
For 0 < y=left calculate Q- -(Q(y) from either Eq. (and Eg. (6), 
(con't) 


(0.000374) 4 
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(I) 


(2) 


(3) 


(9) 


(s) 


(6) 


10-53" |(cor't) 


depending on the vie of y. The resulis from this calculation are 
given below. The maximum flowrate , Quay = 583 I" occurs 

at y*IZI! fL. For I2ZIfl e y« 18 ft, an increase in depth adds 
only little to the flow area, A, but greatly increases the welled 
perimeter, P. Thus, the retarding force js increased considerably. 





400 


Flow rate, Q (cfs) 





o 5. 10 15 20 
Water depth, y (ft) 
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10.54 






10.54% The smooth concrete-lined channel shown in Fig. 


P10.54is built on a slope of 2 m/km. DERI the flowrate 1.0 m ib: 
if the depth is y = 1.5 m. 


= Concrde 


FIGURE P10.54 


K ^5 © 2. 
Q=7Ah, S, wher X=! S,= 72.8 = 0,002, and from Table jol 4) 


N= 0.012 

With y=lsm, A= holiest dendi 0m) = 6 m^ 

and l + 
P=LSmt3mtOSmt (17437)? m = 8. Jóm 

Thus, i = fn = 0.735 m, and £e. e gives 





Q- sity "m an "(o 0024 = = 1/2. 2m 





| 0-5^f 


10.55 | 


*10.55 Ata given location, under normal conditions a river flows 
^X with a Manning coefficient of 0.030 and a cross section as indicated 

in Fig. P10.55a. During flood conditions at this location, the river 

has a Manning coefficient of 0.040 (because of wees and brush in 

the floodplain) and a cross section as shown in Fig. P10.55b. m 

Determine the ratio of the flowrate during flood conditions to that — 4... 42000 = ALLES 

during normal conditions. | NUR EE Uv um C RS ory Wis ere cto dl 








— 1000 ft 
(b) | 
FIGURE P10.55 


) Q= f, KA Ry, V3 Ve. where A, 212 H (800) - 2400 |^ P«2(I2f1) 800% 
= 824 fl, 
so that Ky, =A, /P, 
EE o420 I5 /f 24 ff) = IL 65 fl 
ra | 
(2) Que aA a where A, = 20ft(&0ofl) t 8 fl(Io00fl) = 2 4 o00f{* 
| P = 80011 «00011 * 2 (20f1) = /8 49 ff so that 
Ry, = Ay /R = 24o00fl*/(I6*0fl) = 13.04 ff 
Thus. ies Eqs. (Dand) with Son = Sop , 


Wp me K Ay Rie YS _ ia Ay Rae” 
da KA, KAR, Pe Pa Bre 


By Using the given a calcevleted data, 


Qu 0.03 24 ooo fi2 13,04 f4 2/3 
Qa "(aos }( q, 600 4% ) 11.85 B ) = 2.02 
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Mey "d 


|/0.56 







10.56 Repeat Problem 10.54 if the surfaces are smooth concrete ga TU 


as is indicated, except for the diagonal surface, which is gravelly ! 10m 
with n = 0.025. 


= Concrete - 


FIGURE P10.54 


2, 2 | 
Q =Q +Q = kan : S4 Tof Fi, Aa Rp aa , where K=!, 5,7 0.002, 


Ci). 
n, = 0.025, and from Table 10.1 No, = 0I 2. | 


Also, Ay = Gon Sn) = 50, BP. -(k0** 2.02) 
: -Az L50 m? 
a Af, E 316m 


A, = "pape “sm? B -asm tm 15m e 5m 
24a "5m 
or hR = Em -0.90m 


Hence, from Eq. O3: 


= 3,/6 m 


= 0.475 m 
an 





Q- gigs (1-50) (0.78) $(0.002)* to (43090) 50,002) * 
or A | 
Q= 17.3 Æ 


pr 








Note: With all surfaces concrete , Y= 18.2 mÀ (see Problem 0.6%), 
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| /0.57* 


^ Rubble | 


10.57* Water flows through the storm sewer - | 
masonry 


shown in Fig. P10.57 The slope of the bottom is 

2 m/400 m. Plot a graph of the flowrate as a 

function of depth for 0 x y x 1.7 m. On the same 
graph plot the flowrate expected if the entire sur- - 
face were lined with material similar to that of a EX 
clay tile. : Mi: aM 7 Clay tile. 
z | | | FIGURE P10. 57 





(4) For Osy =0.5 m: The flow is the same as thal in a — pipe. 
Thus, from Example 10.5 with Dz Im, K=, and FX 0/4 (Table E 1) 





Q= a So" p% (0- sing) A 2m. 5 2. (1) Ms (e-siney@ 
o g (4y 8 g^ -& ar “400M: 9 8 (4^ e^ 
or | 


Y= 0.251 (o-se $ 5 , where O~rad 
and g- 2 cos (Ces Ü 


(b) For Y2 05m: — 
Q- 0, + Q, j where 


X 24 ni. o. 7 
Q= N, A, hi, S E 5 with n, = 0.014, 


A, = Z(05m) -0393m*. P=7(0.5)=1.57m so that 
R, = = A -0NI -0,250 m 








^ «SIM 
Thos, 

9,- zez. suas zi) = 0.787 ££ 

Also, 

0.= Ë AL pr ot with n,=0.025 (see Table 10.1) (2) 


A, = (2.5m) (y~ "ne 2.5y -4.25 and E =2(y- -0.5)+2(#)= 2y * 0.5 
A with hi, = 2 ; Ee. 2 becames 





5% 
-2sy — E399 D25) 
Q,- TT (2.5y 1.25) aram ar 13,0 (ay+05)% 
Therefore, | 
+4 3 | 
Q=0,787 +13.0 (3:95), — fr ysosm (3) 


 (2y1 10.5) ^5 
Plot Q=Q(y) for OzysL7m using Eqs. () and (3), 


(con't) _ 
10-57 


10.57* | tco) 


If the entire iudi were lined wilh material with n =n2” 


0.0/4, 


Eqn. €) would remain valid. The coefficient “!3.0° in Eq (3) would 
become 13. o(225) - 23. 
(y-0.5) 5 
(2y*0,5) 3 
This result is also plotted (¢.e. Q from Eq, (0 for o«yos , and 
Q from Eg (N for O.S<y<h7m) 


Q-0.787 + 23.2 


O 


With n = O 
Y 
0.0 7 
0.1 3 
0.2 1 
0.3 3 
0.4 5 
0.5 7 
0.6 9 
0.7 É 
0.8 1 

With n 
Y, 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 


Nere -3 OU! CQ HP N 


Q, m3/s 


.552E-11 
.293E-02 
.381E-01 
.089E-01 
.315E-01 
.870E-01 
.837E-01 
.367E+00 
-853E+00 


3 
z for y? 0. 5m 


.025 for pane of 


|DipHpmpmpmpmPpo 
-J O uo £0 N PO 


For this case, 


the channel 


NN DONE CO CO P2 


.407E+00 
.010E+00 
.649E+00 
.315E+00 
.003E+00 
.708E+00 
»426E+00 
.157E*00 
.897E*00 


the entire channel 


FEuoiÓGDÓDLPApmpnmnpmpmmpPOo 
NNO C0. IN) PP. O up 


LpDHpPBmPiucdc-ovco] 


.678E+00 
.754E+00 
.894E+00 
.,083E-*00 
.310E+00 
.568E+00 
.085E+01 
.215E+01 
.348E+01 





(4) 


ee 
C 
i 
: | M9 fa l i 
10.58 Determine the flowrate for the symmetrical channel shown :  5fl : 3fl |" 5 Ft 
in Fig. P10.80 if the bottom is smooth concrete and the sides are . NY 4 fl — ole 


weedy. The bottom slope is Sy = 0.001. 


| " | 
Q = - Q, +, +Q, = = Q, +202 ; where Q; = A A; Rh, S Sr with K=AL4YS 
Also, A,= filth) =/2 AY | A= dedii" -6fli* Dp-4fl and R=5ff, 


SO that hy, = > = in 23 fl and Ky, = A - - ig. 1.2. Ft 

Hence, with "i 0.012. and N,= 0.020 (see Table 10.1) we obtain: 
| 24 

Q- tt (12) (3) ^ (o.001) (2) L9. (12) (0.001)% = 119 £ 





0.012. 0,030 
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10.59 | 


10.59 (See Fluids in the News article titled “Done without a GPS 
or lasers," Section 10.4.3.) Determine the number of gallons of wa- 
ter delivered per day by a rubble masonary, 1.2-m-wide aqueduct 
laid on an average siope of 14.6 m per 50 km if the water depth is 


1.8 m. 


Q= FAR, VS, 


where A= 1.2m ($m) = 2./5 m* and 
pzL2mt2(L.8m)-7 4 8m so that 


R, =A/P = (2.1bm*) /(4.8m) = 0,45 0m 








Thus, with Kel 2^ Y 
14,6 2 
Q = ary: zo. ism) (0450m [enr] = 0,867 m/s 
» whey) It | gal 
35005 | 24: hr 7 oa 4 
Q-0877 ( ] hr ay rer st Tm (ain) 
- [9,8 x 0° gal /day 
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10.60 


(D 


10.60 Water flows in a rectangular, finished concrete channel at 
a rate of 2 m?/s. The bottom slope is 0.001. Determine the channel 
width if the water depth is to be equal to its width. 


K 2/3 | 3 
= 7 AR, s, , where S, 20.001 and Q=2-% 
Also X*1 and from Table 10.1, ^ =0.012 
For the square channel — 

A a^ 


A =a and R,-p 24-4 
Thus, from Es.) 


2 } 2/3 
mio! fay 
Ar 75.012 ü (2) 0.00! 
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10.67 


10.6/ An old, rough-surfaced, 2-m-diameter concrete pipe 
with a Manning coefficient of 0.025 carries water at a rate of 
5.0 m*/s when it is half full. It is to be replaced by a new pipe 
with a Manning coefficient of 0.012 that is also to flow half full 
at the same flowrate. Determine the diameter of the new pipe. 


Void = e Aa Ry VS ooid Cj) 
ERES %3 fs 
E ls Be Rp Stnew (2) 


new 
-_ e y and 9, t > LM 
Thus. by equating Egs. (1) and (2) 
2/3 ui 
Aoa Py =. Frew Raney 


| (3) 
Ly how | 





Bul for a half ul pipe Ae "Dp and Ky, A 


Thus, a 
AR, " £D (4) $0 that Eg. (3) becomes 


Ful pt al 5 £x. ( 3) pew) ^ 


Noid | Pnew 
or 8/3 8/3 | 
Dig Drew 
Noid Vow 
Thvs 3, 


i _ new d | ‘0.012. 
Ds (e D, - (228^ (2 m) z f, h52m 
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10.62. | 


10.62 Four sewer pipes of 0.5-m diameter join to form one pipe - 
of diameter D. If the Manning coefficient, n, and the slope are 


the same for all of the pipes, and if each pipe flows half-full, 
determine D. 


Q- 4%, where Q= KAR S and Qo = A A Ra” Se with (1) 


| z 2p? 
Laur and Ry, = & = 9.5 
Thus, from Eq, (0) 


ALR? = FAP, , 
Fp? ( bys 44 (0.6)*( 0.5)" 


Hence, 
&. a 
D? =4(4)” or D=0.84/m 


or 


10-63 





10.63 


10.63 The flowrate in the clay-lined dianne (n = 0.025) 
shown in Fig. P10.63 is to be 300 ft?/s. To prevent erosion of 
the sides, the velocity must not exceed 5 ft/s. For this maximum 
velocity, determine the width of the bottom, b, and the slope, So. 





FIGURE P10..6.2 


y= $ Where A= r E with 47 155 = 3,56 fl a) 


and 4= pres “re = : 211 : 


E. LLL BRN b= 273 ft 
on OF 2[b -— wabe’ L—— 


| 
Also, y- n R S 9 p where K=/.49 and from Table 10.1, n=0.025 (2 
From Eq.(0, A=% x [2 (223 fi) +3.46 H+ 241] (2 #1) =60.0F* 

Also, 





ft : 
P-b +h th, = 223 [14 At + diro = 341 f 


Thus p . _ 60.02 _ 
3 Pp = 4 CU ES 7 =/76 ft SO that Eg. (2) becomes 


449. 25 Z^ 
5-725225 (1.76) 6 





J 


or $,7 0.00331 
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10.6 ¥ | 
10.64 Overnight a thin layer of ice forms on the surface of a 
40-ft-wide river that is essentially of rectangular cross-sectional 
shape. Under these conditions the flow depth is 3 ft. During the 
following day the sun melts the ice cover, Determine the new 


depth if the flowrate remains the same and the surface roughness 


. of the ice is essentially the same as that for the bottom and sides 
of the river, | 


“KAR, VS 
Let ( ); denote conditions with the ice cover and ( }, with no ice cover, 


T hys, 

A; =(40H) (2 H) = oH? P. = 2 (yot}+2(3 ft) = 86 ft 
and Ky. = fh. /P. = 20/86 fi = 1.395 ft 
Also, 


h,= "Uy, P= #0 tay and Ky, =A, / B, = ty K¥otzy) 
Hence since Q: =Qn it follows that 

5 A, RSS Ys; =a A a “ap 

so that with n =n, and 5, -= Son this becomes 

A. DE A, Ry, 2/3 


Hence, 


Mu 
23 

120 (1,325) vu) 
Or 


/3 
AO = 3 s 


A standard root- finding Compu ter program gives the solution lo £g, (I) as 
y 7 2.3I fl | 


25 


(1) 
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10.65 A rectangular unfinished concrete 
channel of 28-ft-width is laid on a slope of 8 
ft/mi. Determine the flow depth and Froude | y 


number of the flow if the flowrate is 400 ft?/s. : 
_ | h— 281i ——4 


4 


from Table lo. n= 0,0/4 
Also, A= 28y and P= nae so that RnB = 28y_ 


2 
Q = = AR Ie line K=h#9 5-2 = 7 0.00/515, and 





Th l. Z8 2y +28 
Us, 44. 
S | 

0.5q4 = —J 
: (yY Hays 
Henc 6, | NT 

0,458 (y *14) -y 2 =f " 

The solution to Et (Nis y * 2.23f 
Thus, 


=l- EP] -6u t 
Ve qe  (2810)(2.23t]) TS 
so that 


| sf 
-V SL -0.756 
Fr Voy  [2.2£)(2.230]^ 
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10.66 An engineer is to design a channel lined with planed 
wood to carry water at a flowrate of 2 m?/s on a slope of 10 
m/800 m. The channel cross section can be either a 90° triangle - 
or a rectangle with a cross section twice as wide as its depth. 
Which would require less wood and by what percent? — 


Q= 7 AR AA o| 
Let ( } denote the triangular cross-section and ( ), denote the 
rectangular: cross-section 2 
Thus, Q. Q7 22 , Sp = Se = goo 
and ,.=h, So that Eg (1) gives 






^ KP s uet —2y. — | 
Ar Ray = Ay Ba " where My = 4 (2)| 
Hence l 
fle2y^, R = yp so that Ry, = rr = zy. 
Also, 


A, = £23)4* yo P = 2(VZy,) so that Rae zie 


Thus, from Eg. ( 2) : 


| 24 2 % | 
2%," (4405 = M (ziz 4); or y= 0707 y, 
The amount of wood is proportional to the wetted perimeter, P. 


Since 
R _ 2Y29» | 21y 


P. Hyp 4(0.707)y, - 


the triangle requiresthe same amount of wood as the rectangle 








maa 
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10.67 A circular finished concrete culvert is 
to carry a discharge of 50 ft/s on a slope of 0.0016. 
It ts to flow not more than half-full. The culvert 
pipes are available from the manufacture with 
diameters that are multiples of 1 ft. Determine 
the smallest suitable culvert diameter. 


Z^ 1 
Q= x AR, "n where K= L7, 5, 0.00], and (from Table 10.1) 
n=0.012 
For a circular pipe half full A= 2D*, P- ED so that R= 4 - 2 
2 
This, 500 = 155 (EDAR (0.001)% , or D= 512 
To make sure it is nol more than half full use the 6 fl diameler pipe. 
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10.88 — At what depth will 56 f?/s of water flow in a 6-ft- 
wide rectangular channel lined with rubble masonry set on a 


slope of 1 ftin 580 ft? Isa orange] jump possible under these | 
conditions? Explain. | 





Q= ae where 
f= by, Reb = bY $ = Ltt 





2yt6 , 500 ft 
an 
n= zik 025 TUM Mus 10.1) 
Thvs, 


£0 = + 4 LA enj] ü 02) 
which becomes 


"Pa (2y +6)" (0.948) 


By use of a root-finding computer program, the solvtion js 
y= 2.ssff 








-Q _ 50% _ 
Thus V A J 6 (2.53) tt = 3.29 f1/6 


MON AD 3.29 ft/s " 
Vy — [((s2.21U7) G.sst)]4 ~ 076? 


Since Fr «1 fd is not possible to have a hydravlrc jump. 
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10,68 The rectangular canal shown in Fig. P10.69 changes 
to a round pipe of diameter D as it passes through a tunnel in 
a mountain. Determine D if the surface material and slope re- 
rnain the same and the round pipe is to Row completely full. 





N FIGURE P10.69 


Q= x A RENS Let ( ),. denote the rectangular channel — (0 
and (Je denote the circular pipe 


Thus, since Q- =Q- , Np Ne (REX, or? Se tt follows from 


Ey. (1) that 
A. = ARË where A7 E. and R= bez(B)-2t 
So that E - 4 =b 
and A.=ED and P 
sotit hp AR 
Thos, 2 


GEF = (FDL p or D-(&J55 = 0.944h 
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10.70 The flowrate through the trapezoidal canal shown in 
Fig. P10.70 is Q. if it is desired to double the flowrate to 20 
without changing the depth, determine the additional width, L, 
needed. The bottom slope, surface material, and the slope of the 
walls are to remain the same. 





W FIGURE P10.70 


Initially: Q= A A. Raed Ys, 
where A; -(8mY8m) + 2[4(3m)(3m)| = 33 m° 


and R= ru + 2]Vz (3m)] = 16.49m 


2 
Thus, hy, = ft TE = 2,00m 


so that 
Q; = = XI (33)(2 004 = 52,4 Xo LES 


Finally j Qe = A A; RETS (K, N,5 are constant ) 
where Ar =(3m)(8+L)m + 2]2(3mXt3m] = 3343[. m. where L-~m 
and R=fhth=/6.47+L m 

Thus, fi. = Ag, 33 +3b pi 





B 18.49 +L 
so that ; 
X 33 43, 
Q, = S sna (323248 


But Q; =2 Q; , so that from Eas. (D) and2): 


. 
(33431 T TGMI * (52,4) - 0*8 


A standard computer root - finding Program gives the Solution 
to this eqalion as 


| A =8,77m 
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10.71 When the channel of triangular cross section shown in Fig. 
P10.71 was new, a flowrate of Q caused the water to reach L = 2m 
up the side as indicated. After considerable use, the walls of the 
channel became rougher and the Manning coefficient, n, doubled. 
Determine the new value of L if the flowrate stayed the same. 





ar IGURE P10.7 
X 2/3 
Q=7 AR, VS | 
Lel ( ), and ( ), represent the old and new conditions. 


Thus, N,=2N, j Â, = x (2m) =2 m? ha 7m, so that 
Kh, =A, /P = (2m2) /(#m)= & m 


Also A, = £L', R=2L_ so that R,, =A, /R -(20)/G1)2 L44 
Therefore, using Eq.U) with Qo=Qn gives 

K 2/3 X 2f. | 

No f fh, E Au" fn Ran Son 

or since Sop = So; 

| P» 2/. 2/ 

5 A, Ky. i d A, Ry, 
By using the above data this becomes 

tf ` 2 ^ 
z5, 549 (4) ^ e gc (2m) ($m) ? or 15» &(2Y? 
or 
L-2,59m 
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10.72 A smooth steel water slide at an amusement park is 
of semicircular cross section with a diameter of 2.5 ft. The slide 
. descends a vertical distance of 35 ft in its 420 ft length. If pumps 
supply water to the slide at a rate of 6 cfs, determine the depth 
of flow. Neglect the effects of the curves and bends of the slide. 





Q- KAR,Ó S , where K»L99, S,- z2r 70.0833, Q= 6.0 $ | 
and trom Table /0.1 n= 0.012 ` 

Also (see Example /0,5), A= 2- (0 - sine) and 

| B, - .D(9 - sip) where D«2.5fl 


46 ? 
Thus 5 
3 3 /5 
Q= 5 M Bray D J where O^ rad, 
ui LAY lg (2.5) 7 <6) (8 -si Z 
| us - sine) ^ 
ea 0.012. — 8 a fupe | onset | 
Hence, 
0.293 Q” = (0 - sins K 0.0252 9? - (68 - sine)" =O (1) 
Using a standard root- — technique gives the solution to T () as 
Q- 1.574 rad. 
Thus, 0-(i574 ed) 198 = 90,2. ° 
or since 
y= 2 (1-cos(2 ) it follows that ND 
i g ‘a 
= (2:5 tl) (1- cos( B4)) = 0,368 fl Y 
: y t 2 cos? = P 
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10.73 . Two canals join to form a larger canal as shown 
in Video V10.6 and Fig. P10.73, Each of the three rectan- | 
gular canals is lined with the same material and has the same 
bottom slope. The water depth in each is to be 2 m. Deter- 
mine the width of the merged canal, b. Explain physically 
(i.e., without using any equations) why it is expected that 
the width of the merged canal is less than the combined 
widths of the two original canals (i.e., b < 4 m+8m= 
12m) 





M FIGURE P10.zs 


Qs -Q,*Q, where for (2423 
| K 

Q; = Ni A; Ry Sop 

Thos, 


nH Rha Vso | = Ha Az Kha So, t nf hi, * ys, 





(1) 
Bul N FN =N; and 54,955 = Soz So that Eq. (1) becomes 
Aa Brg = Aa Ria +A Ph 2 
NON. | b e 
A, = 2m (4m) = 8n?” P - (2+2+#)-êm so that Ry, = B = cim 
io 2m IR, E. * (212*8)-I2m so that Rp, = i = bm = 353m 
an 
A; = 2b m E - 324b) diri SO that Rp, = Be Abn 
Thos, Eq (2) becomes 
2/5 2 
oea = /6 (l. 333) +8? = 274 
or. 27, 
b PP.. (3) 


y a ae root- finding technique gives the solvtion to E43: 
0.6 

Tf the Iwo original | merged to form a I2m wide canal, the 
water depth wovld be less than 2m becavse without the two wal there 


would be | less friction force hold the water back. Thus, to Maintain 
the 2m depth we must have bem. 


E] + =e 


A 4m le- lA— 8 M ——el Sman LL 
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10.74 Water flows uniformly at a depth of 1 m in a channel that is 
5 m wide as shown in Fig. P10.74. Further downstream the channel 
cross section changes to that of a square of width and height b. 
Determine the value of b if the two portions of this channel are made — wiet = 5 m 
of the same material and are constructed with the same bottom slope. gg FIGURE p10.74 





Q,= Wy , where ( ¥ did ( Jp denote upsiream and downstream conditions. 
Thus, since Q=% A RP Ys, it follows that 

X A pu. May 

Ny A, Rhy ' E Np B, Rhp “15,5 

Riso, Soy = Sop and Ny = Np 


Hence. | 
(I) A, Ro” =A, Ro where A, = (Im)(5m) 25m, B=2Um)+*Sm = 7m 


50 that Rp, = A, /P, = 5m /7m -0.7/^ m. 
Also Ay * b, 23 so that R7 A,/R = 7-31 


Thus, From Eg. (i); : 
(Em?) (0.74% my" = p (+6) " 
or | 
bz22.2Im 


lo-?5 





| f Concrete 
10.75 Determine the flow depth for the channel shown in Fig. j 
P10.54if the flowrate is 15 m/s. 





MFIGURE P10.54 


Q- TAR? S Ks in k=], $7 "Am T = 0.003, and trom Table /0./ 270,002. 


Also, A= 3y*d [3(y-0.5)](y-0.5)= 2 y? *Zy tg I-3(y-0.5)4 
and P D : 
PH=yr#3toas +[(y-4) +4(y-z ^ S 

| = y +35 T 0.5) = TEES 2 
Hence ; with 5, P. and ve [5 F we oblain 








l -2 i NUT LE 
I5 = LSY* t, Sy 10325). 0,003)= ~~ 
Dorz U5Y H.Sy | ) Tuam! 


ur o^ —, | 
2.0 (4b y +192) - LSy* -,5y -0.375 =O (1) 

Using a standard rool-finding technigve, the solution to Eq. (1) is found te be 
y= 22m 


Note: Since y «l.&m the water 
does not contact the left 
vertical wall. 
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10.76 Rainwater runoff from a 200-ft by 500-ft parking lot is 
to drain through a circular concrete pipe that is laid on a slope 
of 3 ft/mi. Determine the pipe diameter if it is to be full with 
a steady rainfall of 1.5 in./hr. - 





: | 
Q = K A R- 54 where K =1. 4? S = pen e 000568 (1) 
and | hi, = vhs t - 


p 





From Table 10.1, n 70.012 
Also, Q= UN r, where r = rainfall rate = 1.5 


Thus, Ih 43 
Q = anii eal 54) ( 1 E Jszo6s) 23457 E 


Hence, from Eq. (1): 


dada dui oen 


0.012 


or 
D= L6att 
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10.77 (See Fluids in the News article titled "Plumbing the Ever- 
glades; Section 10.4.1.) The canal shown in Fig, P10.77 is to be 
widened so that it can carry twice the amount of water. Determine the 
additional width, L, required if all other parameters (1.e., flow depth, 
bottom slope, surface material, side slope) are to remain the same. 





BFIGURE P10.77 


Let ( ), denote the original canal and ( ), the widened canal 
Thvs, 


2/3 
O QJ AR, VS, and 
P 
(2) Q= 7 h, LL LR : where P,", and So, = Sy 
Hence, from Eqs. (and (2) 


X 2/3 AC ae 
T R So A Ya 
ow PE m. Cg), where (20, 
| Ty Po Ph PS ° Pp -2. SH 
Also, Azz (5H Hon 2H)= 15 ft? 
P= SiH *2(3.208)9 1/71 so that -x 


X 
Ra, Ar Re ISI IM S 1.3/6 Ft 4-[2.5*«2*] fl-3.2ofl 
and 7 | 





Pi 


=Al(5 4441) toti» Denys vs +22) f 
P = Site *2(3.200) 4/14 tL) ft so that 
i "s Ay / B, = (15 421) / (1.942) 

Hence, from Eq, (3) with tw -2 


(15 +2 L) (IS+2L)/ i 


By using a standard root-tinding program, the solytion to Eg. (4) js 
determined to be L= 5, 94 f 
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10.78 Water flows 1 m deep in a 2-m-wide finished concrete E 
channel. Determine the slope if the flowrate is 3 m /s. im 


L— 2.0 ——| 


(1) Q= KAR STS, where KaL and trom Table 10.1, = O.O2 


Also 
A = (lm)(zm) = 2m" 
and à. 


= cm 2 —.-— — 
LA (2mtIm thm) — 
Hence, with Q= 32 Eg (I) becomes 
3 | 2/, 
34. «coi (2m*)(0.5m) ? Ts, 


or 
So = 9,000816 
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10.79 Water flows in the channel shown in Fig. P10.79 at a rate 
of 90 ft?/s. Determine the minimum slope that this channel can 
have so that the water does not overflow the sides. The Manning 
coefficient for this channel is n = 0.014. 


FIGURE P10.79 


d= PAR” Vs,, where K=L49, n *0.9/*, and Q= ott 





Also, | 
t (250049) +20 0M) =/428 H> 
an 
sA L428 8 
^, P (2th2fl*T(»El)) = ,389fl 


Thus, trem Eq. (1) 
go = LEE (1428P) 3098) ^ fs; 


or 
So =0,00226 
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10.80 To prevent weeds from growing in a clean earthen- 
lined canal, it is recommended that the velocity be no less than 
2.5 ft/s. For the symmetrical canal shown in Fig. P10.90, de- 
termine the minimum slope needed. | 





FIGURE P10. 80 


V=% Ti Ry aos , where K =1.49 and hh = A (D 
A - Z(48 «12 (38) = 24 fI" and P= 4 fI +2 (SH) = ja 


Thus, fiy = 45> a = 1.7/4 fi 


From Table 10.1, n = 0.022 so that Egh gives (with V=2-5 $) 
L "e z 
2.5 -LEE (I. 7H) or 5, = 0.000664 





10.81 The smooth, concrete-lined, symmetrical channel shown in 
Video V10.7 and Fig. P10.80 caries water from the siit-laden 2»; 
Colorado River. If the velocity must be 4.0 ft/s to prevent the silt 
from settling out (andeventually clogging the channel), determine the 
minimum slope needed. 





a 


FIGURE P10.80 


25 Me | | 
V- JE Fs S, where X=149 and Ra = & 2 


A= ZB *I28)(210 = 24 R? and P 241 *2(58) = I 


Thus, Ry = PE - 1,7/4 fil 


From Table l0.i, n.» 0.0/2. so that Eg.()) gives (with V=4£) 


AAD 


depre 0.012 


(I. mys gs or S= 0.000505 
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10.82 The symmetrical channel shown in Fig. 
P10.80is dug in sandy loam soil with n = 0.020. 
For such surface material it is recommended that 
to prevent scouring of the surface the average 
velocity be no more than 1.75 ft/s. Determine the 


maximum slope allowed. 





FIGURE P10.80 


26 


V= AR, where K=).49 and Rp =f () 


A=4(4f kie: z2f[l* and P-4fü*2(5f£0-14f] 


Thos, h, = Au P = 47H fl 


Wilh n= 0.020 and V= 1.75 4 Eg!) gives 


175 = LH (1709) 6^ or S,= 0.000260 
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10.83 The depth downstream of a sluice gate 

in a rectangular wooden channel of width 5 m is 

0.60 m. If the flowrate is 18 m?/s, determine the = 
channel slope needed to maintain this depth. Will 0.6m 


the depth increase or decrease in the flow direc- + 
tion if the slope is (a) 0.02; (b) 0.017 h— sm 
2 i 
Q- E AR,” $5 J where K=) and from Table 10.1, N= 0.0/2. 
Also A=Gm)(0.6m) = 3m P=5m12(0.6m) = 6.2m 
2 
So that B7 A NULL t = 0.485 m 


| ~ 6.2 mM 
Hence, from £q. (1): 


24.4 | 
/8= 5L (3)(0.484)" S,” or S, = 0.0136 


With S,= 0.02 >0.0136 the velocily will increase and the water 


# 


will become less than 0.6m deep. 
With S.=0.01<0,0138 the velocily will decrease and the water 


will become greater than 0.6m deep. 
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10.8% Water in a rectangular painted steel 
channel of width b = 1 ft and depth v is to flow i 
at critical conditions, Fr = 1. Plot a graph of the 


critical slope, Sọ., as.a function of y for 0.05 ft = — y 

y = 5 ft. What is the maximum slope allowed if- 

critical flow is not to occur regardless of the M— I — 
depth? 


V= R^ S, where K-14 and from Table 10.) n= 0.014 


4 


NP 2E mM ug ye 
Also, Ry =D * ur and with rag =! V= Voy 


149 ( y V8 ak (2 y11)* 5 
|32.2y - 0.09 zy si ) So: or Do, = 0.00284 222] 
E. quation (1) is plotted below. To determine the minimum critical slope 
d 5, = s rif | 
dS (2 aia 4 (2 H2) -(2 Hy 
TE z(4) (0. 00204) | -X+ [are ey - ye | =O 
Thus, y= 4 so that from £9.() 





(£1)* |? 
n = 0,00284 |-&:2-.. = 0.00757 
min é meee 


If S, < 0.00757 critical flow cannot occur at any depth. 
The following valves are obtained from £9.01). Note that 


«45 
lim O m 0028^ lim [| £y | 3 = 00 ana lim S6 = oo 
y 0 °c yO y yse dd C 


See next Page for graphs. 
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10.85 A 50-ft-long aluminum gutter (Manning coefficient 
n = 0.011)ona section ofa roof is to handle a flowrate of 0.15 ft/s 
during a heavy rain storm. The cross section of the gutter is shown 
in Fig. P10.85. Determine the vertical distance that this gutter must 











be pitched (i.e. the difference in elevation between the two ends 5 in 
of the gutter) so that the water does not overflow the gutter. Assume 
uniform depth channel flow. 
Lang keen | m | | 
_X 2/3 MP GARE. P10.85 
() n ^R "n "ui K=149 n *0.0ll, and 

Also, 4 

R; = P» where P -Gm)* Gin.) t- n mp ce 77in. v zm) - AI 6l 

Hence 

^ o.154 H^ 


LR x OM 
Thus prone Sl 
lfa 
O. js E = 25 lossat) (0.1348) "fs, 


so that | 

S,= Z57x|]0* Ee. 
Bu i 7 
S, = dB 

SO that 


h -(sofl) s =(SoH)(7.5¢x10") =0,0377H <o,452in 
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10.87 Water flows upsstream of a hydraulic jump with a depth of 
0.5 m and a velocity of 6 m/s. Determine the depth of the water 
downstream of the jump. 


y gL] iter ], where 


F = Ve & 6 m/s = 
L FA V(7.81m/s?)(0,5 m) "e 


Thus, 
A -z|- "eor 73.36 
so that 


y, 23.36(0.5m)— 48m 
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10.88 A 2.0-ft standing wave is produced at the bottom of the 
rectangular channel in an amusement park water ride. If the water 
depth upstream of the wave is estimated to be 1.5 ft, determine 
how fast the boat is traveling when it passes through this standing 
wave (hydraulic jump) for its final “splash.” 


T 


/ 


Thus, 73 = 197, or since m 


V = Fr yay = 197 /@2.2 4, -/3.7- f 


m 
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10.89 The water depths upstream and down- 
stream of a hydraulic jump are 0.3 and 1.2 m, 
respectively. Determine the upstream velocity and 
the power dissipated if the channel is 50 m wide. 


y -. h2m 
Tea 21 “1H/148F? | o or H7 346 Thus, since Fr”; 


it follows that Y= (3:16 )[(2.812%)(0.3m)] = 5.42 2 
The power dissipated i iS given b y 


7 - YQ, , where P = |- + (i-( ZP) 


Or 
h,= (0.3m) | LLL CE Ge ———-(|1- en my » = 0.504, 





0,3 m 


Also Q- 4M =ybY = (0.32m)(50m) (5.422) = 81,3 2 
Thus, 


P= (45 !5 3)(8132 >) (0.504m) = yo Kem = 40/ kW 
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| 109.40 Under appropriate conditions, water flowing from a 

faucet, onto a flat plate, and over the edge of the plate can pro- 
| duce a circular hydraulic jump as shown in Fig. P10,980 and 
Video V10:5Z.Consider a situation where a jump forms 3.0 in. 
from the center of the plate with depths upstream and down- 
stream of the jump of 0.05. in. and 0.20 in., respectively. De- 
termine the flowrate from the faucet. 












ES 


0.20 in. 


pes 
adornos era ra 


0.05 in. 








m FIGURE P19.90 

For a hydraulic jump « 
* = Zl titer? | or 

- V, 
0.20) tf 2. E, en 
ery ae He28E] so Hal Fa 3 foy 
This, 
V=3.4 | 32.21 (0.05/12)H = L/é Ni 
and - y? 


Q=AV =2TR y V, = 27 (B HLEH) (LE) = 0.00759 5- 
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10.21 Show that the Froude number down- 


stream of a hydraulic jump in a rectangular chan- 

nel is ( y,//y;^? times the Froude number up- Y, e Wer dM SE 
stream of the jump, where (1) and (2) denote the =m E 
upstream and downstream conditions, respec- 

tively. 


Fra = ray , where VABAL, or Y= byw wy, 
Thus, y 
(aly _ 


Fr, = Yo. 


ry, \32 
(25, a 2 eM, Mid Fa-() m 
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10.92 Water flows in a 2-ft-wide rectangular 

channel at a rate of 10 ft?/s. If the water depth Ju GEM ZEE 
downstream of a hydraulic jump is 2.5 ft, deter- V — y Jarek 
mine (a) the water depth upstream of the jump, é 
(b) the upstream and downstream Froude num- in ££ 

bers, and (c) the head loss across the jump. |. Q- 108 j b= width= 2 fi 


$f Use v = i|l-i168F | - y, 22.511 so that 
S he SER Now, with Fr,” = a - e, z ew, 


or p, = 0.776. _, We obtain 


Sty = y, T 18 e 0.776 Ý „By sqvaring both sides and simplifying we 


obtain y“ +2. Sy- se which gives y -0228 f]. 








(b) From in — results 
Fin = or Fr, = 8.09 


Also, 
28 


Q . of soff 
a Ay “smia ^05 se that Fra G% gun -[622826.59]^ 


Tr aj 0.223 








(c) Also, y 

| he yi- 4 y», Fa (l -(% Ý » 0.228¢4]I- di + eX "(CRI ) 
or | 
MERE 





10 - qt 





10.93 





10.93 A hydraulic jump at the base of a spillway of a dam 


is such that the depths upstream and downstream of the jump | d. Stu 

are 0.90 and 3.6 m, respectively (see Video V10.1l). If the spill- v Lu 

way is 10 m wide, what is the flowrate over the spillway? Y a -0g9m Y2=3.6m 
b= 100m 


=4ļ- HIE, ] or oem 7 i] HI*89 | 


Hence, Fr, = 3.16 , but FE T WF so that 


V= 3.16 taniman ^ gaq ft m 
Thus, 

3 

Q= AV, = by Y=(10.0m)(09mX9372) = B45 2 


10.94 Determine the head loss and power dissipated by the 
hydraulic jump of Problem 10,93. 





h,= x] -f «a -( y] , where from $ = m e 5 -t+ 14 8Fr | 
Hence, Fr," 3.16 so that 


h, (o.m [i= ges 218% (280 io n 


Also, P=%Qh, , where y = = (gy, )* Fr, = = [(e.88) (0:20) ^ (2. 16 )= 9.392 


Hence, 


P= (9.80 kh, Jt 0.9m (100m)( «.302) | (151.5)2 12,5 ook m = 12,500kW 
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10.95 A hydraulic jump occurs in a 4-m-wide rectangular channel 
at a point where the slope changes from 3 m per 100 m upstream 
of the jump to A m per 100 m downstream of the jump. The depth _ 
and velocity of the uniform flow upstream of the jump are 0.5 m 
and 8 m/s, respectively. Determine the value of h if the flow 
downstream of the jump is to be uniform flow. 





ene 4 the jump 


Vi RSS “Ys, where 5,7 Um = 0,03 


AA p .Chm)(0 sm) — 
and hi, B (4m10.5m10,5m) 


=0,4m 


Thus, 
| Q, = AV, = (4m )(0-5m) 7: (0.4m) ^ 9.03 


3 


pi K 
() QQ 40188 Rs 
^» 


A = zf- HUER G, Eom In? 7 + es UM 
Fh : 


2 ei -n(l 148 (340Y). -] = 4,63 
/ 


so that 
y, = 463, = 443 (0.5m) = 2.3Im 


There fore, 
A sU m) (243m) =9,24m and Ry, = F 
so that 


2/ Ys 
Q BAR. TS, dentes s. 


or 
(?) Q,* LETH «Ys E 
But Qu 7Q,, so that from Eqs. (I) and (2) 


0,199 E = 9,67 5, 


Be a 7, 24m ——— 
"(fa #mt2. 3) m 42. 42.31m) 





< /, 07m 


or 
h = 0.03 
So, = 0000378 = imm Hence, h =9.0378M 
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10.46 ^ Ata given location in a 12-ft-wide rec- 
tangular channel the flowrate is 900 ft?/s and the 
depth is 4 ft. Is this location upstream or down- 
stream of the hydraulic jump that occurs in this 
channel? Expiain. | 


.Q. dof  ,, -V 18.75 
g GA) = 18.75 if SO that Fr (gy) 4 [2.28 (449) =/ 65 


Since Fr>l, the location is upstream of the jump. 
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* 10.2 | 


OO 


*10.97 A rectangular channel of width b is to - 
' carry water at flowrates from 30 = Q = 600 cfs. 
— The water depth upstream of the hydraulic jump : V 
that occurs (if one does occur) is to remain 1.5 


/ —-y-5H 2y, 
. ft for all cases. Plot the power dissipated in the AARP TTS 77 A Z777 


. jump as a function of flowrate for channels of 
width b = 10, 20, 30, and 40 ft. | 


7-Y9h, , where hayli- EE 1-23] 
and Ye E A [her | , provided Fr, 20 


Also, . 
Fr, = Gyr , where y= 45 I$ so that 


Fr, = 0.09549 g Hence, from Eq.) 


h, = 5)]1- (08) + (0.00460) SV I-EY)| f where b-t, 0-9 
and from Eq. (2) 


EE duE ( * o.ozaé(&) JF} 


For the given valves of plot 7? from 

P=62.4Qh, tile for 30€Q<600 gb 

Note : If Fr, «1 there is no jump and P=0. From above, Frj7l 
when Qe =n = /0,46 


Let Q, = flowrate when Fr, "/, From Eq.) we obtain 
b J i Q ) E 





10 104 
20 208 
30 3/2. 
40 4-16 


With b=10,20,30, or 40# calcvlate and plot P from’ 
a) P=0 if Q«4, 


b) P= 624 Qh fik , where obtain h, trom £g. (3) with 
% from Eq. (4) if Q, <Q < 600 i 


(cont) | 
107-45 


a 


(2) 


(4) 


(S) 


(6) 


10.47" | (con't) 


The results of the above calculations are plotled below. 


"P, ftelb/s 


1.E+04 


T.ETOS --—— 


1E-*01 





4 E+00 1— Seid EU ENS E T- l 
0 50 100 150 200 250 300 350 400 450 500 350 600 
Q, cfs 
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10.98 Water flows in a rectangular channel at - 
a depth of y = 1 ft and a velocity of V = 20 
ft/s. When a gate is suddenly placed across the 
end of the channel, a wave (a moving hydraulic 
jump) travels upstream with velocity V,, as is in- 
dicated in Fig. P10.78. Determine V,,. Note that 
this is an unsteady problem for a stationary ob- = ee enemy een ery ae eer 
server. However, for an observer moving to the. FIGURE P10.78 
left with velocity V,, the flow appears as a steady — db c | | 
hydraulic jump. 





For an observer moving lo the left with speed M, the flow appears as shown below. 
Thus, treat the flow as a jump with 


Fr, = Vi _ _(20#Wy) jy 18 | 4 memme 


(gy fi * ramum - 
MEL, [(82.2£5(199| o. VL - Wy 
Fr, = 0.176 (20* V) | | Oy 
y V | 
Als fi, Y= A, yor X Y - % = -~ (2 


E - ably 1+8F;, | which when combined with £e.s.(1) and (2) becomes 


a La e e 18 (0126 G0 | 


enin V, (1#(0.248)(204%, f * 
"'(40+3Y, Y =e af * (0,.248)(20+V,) ], which can be written as 





0.248 M, +9.92 4? #9,.2Y° -240Y -/600=0 | (3) 


By using a standard root-finding program, the solution to Eq. (3) 
is determined to be V, = 4.36 ft/s. 
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10.94 


| 


10.94 Water flows in a rectangular channel with velocity 


V = 6 m/s. A gate at the end of the channel is suddenly closed 
so that a wave (a moving hydraulic jump) travels upstream with 
velocity V,, = 2 m/s as is indicated in Fig. P10.48 Determine 





the depths ahead of and behind the wave. Note that this is an- E Wok PU. E 


unsteady problem for a stationary observer. However, for an : 
observer moving to the left with velocity V,, the flow appears 





as a steady hydraulic jump. FIGURE P10298 


oc we or moving To the lett with speed Y= 22 fhe 


fl Ow appears 


| : Vu VM | 
Thus, treat as a jump with (ill T epe 22 


V-89 , V-28 p- MEE Sands 
, 8R fü É 


Since A,V=AzV2 or X E "-2m =4 if follows that 


^ 


x E eR] 4 Hence, Fr, = S44 


However, Fr, = (gy TP so that 








NEN" (82)* 
n PER C LAC i p 
and .—— 


Y, 7 4y = 4(0.652m)-2.6I m 





10748 





16.100 (See Fluids in the News article titled “Grand Canyon 
rapids building,” Section 10.6.1.) During the flood of 1983, a large 
hydraulic jump formed at “Crystal Hole” rapid on the Colorado 
River. People rafting the river at that time report “entering the 
rapid at almost 30 mph, hitting a 20-ft-tall wall of water, and exit- 
ing at about 10 mph.” Is this information (i.e., upstream and down- 


seam velocities and change in depth) consistent with the princi- 
ples of a hydraulic jump? Show calculations to support your 
answer. 


Is the given data consis tent 
with a hydraulic jump? 

V, = 30 mph = ^" ft/s 
V,*l0mph = 14.7 ft/s 

ya " Y, «201! 





From conservation of mass : AV, = A.V, 
or y, V, = Va le since b, =width = by 


Thus, 
X... HHl/s | 
y p V, m ns -— 2.99 | (1) 


Also for a hydraulic jump — 
. 7 "2 (-I eder?) so that 2.99 = ice) 
f o2 IEEE 

Thus, since Fr, "e if follows that 
ZETA y, = 10.1 fl, so that from Eq.() 
y, =2.99y, = 2.99 (104 H) = 30.2 fl 


2.44 = 


Hence, the given dala gives ya-y, =30.2f}- 104 f] = 20.1 ft, 
which is surprisingly close to the reported depth. Ves, the 
data is consistent with the principles of a hydraulic jomp. 
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10.102 Water flows over a 2-m-wide rectangular sharp-crested 
weir. Determine the flowrate if the weir head is 0.1 m and the 
channel depth is 1 m. 





(1) Q = E Vag b HÍ where bz2m,H-0Im 





/Mso, . 

Cur = 0.61 1a075(B), where P= |m-H =/m-O.lm =0.9m 
Thus 

Cyr = 0.611 40.075 ( gr) = 0.6/9 


So thal from Ea. (I). 


Q - 0.619 (2) 2 0212) (2m)(0. Dee 


| 0-100 





e 





10.103 Water flows over a 5-ft- wide, rectangular sharp- 


crested weir that is P,, = 4.5 ft tall. If the depth upstream is 5 
ft, determine the flowrate. 


with 
H=5 ft-4.5ft -osg 
0.5Ft | 
Hence, Cu = 0.61 0.075 (255r) = 0.619 
and 





Q = (0.619)(2) (2 cantly (5#4)(0.5)% = 5.95 zz 


10.10% <A rectangular sharp crested weir is used 
to measure the flowrate in a channel of width 10 


Q-5o | 
ft. It is desired to have the channel flow depth be 








6 ft when the flowrate i is 50 cfs. Determine the | is 6ft 


height, P, of the weir Plate. 


Q= Cyr 3 V2g b n^. where H=6#-P, and 
Cyr = 0.61 40.075 t 
ir 

Q= (0.61 +9. 075 (55 a) ) (2) (2gyb (67h 


or 





b=10ft 


SG 
P, - 458 


37 


b =5 ft 


fe ap 


50 = (0.611 10.025 CR) )(6e & J (10) (6-B,) , where lh" fi 


H ence, 


[s + 152A] 6-5 p)® -/2.5=0 


By using a standard rocl-finding program , the solvtion 


is found tobe R, = = 4 Tofl. 
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10.105 Water flows from a storage tank, over two triangular 
weirs, and into two irrigation channels as shown in Video V10.13 
and Fig. P10.105. The head for each weir is 0.4 ft, and the flowrate 
in the channel fed by the 90?-V-notch weir is to be twice the 


flowrate in the other channel. Determine the angle 8 for the second 
weir. 





e FIGURE P10 105 


O= Cm Fé tan(2 )V2g u^ 

where | 

0,740 , H, =H, -O^Ít, and Q,.-2Q, 
Thus, i Fi ig. ma. 


From aM (2), 


Sja, 
Cut, tan (2!) Y22 H, =C, x tan ( £ 


Wt, IS 
or 
e 
0.590 lan 45" = Cuta tan (2 )«2 
Or 


Cut, lan (2 = 0.295 


Trial and error solution: Assume Q= 20°, 


(1) ] 


(2) 
) ag Hy’ 
(3) 


From Firg /0.2), Cug,” 0.626 


Thus, Cy, tan (£) = 0.626 lan (10°) = O.110 = 0.295, This O, 4 20° 


Repeated tries result in the graph below from which we conclude ban 
Q,- 53" 
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10.106 Rain water from a parBing lot flows into a 2-acre (8.71 ieee cee: 

X 10‘ ft?) retention pond. After a heavy rain when there is no -rze l kannas | 
more inflow into the pond, the rectangular weir shown in Fig. T a ae "n 
P10.106 at the outlet of the pond has a head of H — 0.6 ft. (a) 
Deterinine the rate at which the level of the water in the pond ©. 
decreases, dH/dt, at this condition. (b) Determine how long it .- 
will take to reduce the pond level by half a foot; that is, to — 
H = 0.1 ft. 





AUS 
STANS AU Eq AC D RR M SE IRA S pde ME t CLP SRR ELAN RE NSE i ed KURSE NE ERE AI REOR RUM INIM 
HB FIGURE P10.106 


For a reclangvlar Wein 
Q ^C, 323 bI ^, where Cur = 0.6/1 0.075 p 
Thus, with b=5tt and l7 2ffl 
Hoa. 32 
Q = (0.61 *tQ075 T) /2 (32.244/c*% (5 FH [f 


or 
(0 Q = 26.7 (0. 611 + 0.03754) Hh” HE where ^fi 
(2). Also () = "Pond Da =~ 8z/xio f dh 

Thus from Egs. (and (2), 


35. 
- gezixio* Ge = 24 (0.6lI40,0375 H) H ‘ 
or 


" JA -4 3 "x 
(3 "i = ~307%/0 (04511 * 0,0378 H) ^ = -197x10 M -Lisxi0 Y 


(a) Wh ep H= OOF | 
ri = oh 87x10. (0.8) ^. J /Sx10° (0.8) ^ = _G,0/xI0 H (3509 5) 
zd 0.324 E. 


(à Integrate £q(3) from H=0.6 fl when 1«0 fo H=01H whent =T 


Thws, trom Fa(3) 
fe : Hz0.] 4 


P EET, 
£20 pegal! 87x10 H aeq yS) 
Or . 9.6 g 


wu) T= aH 


2 (87x 0*H tL 45x16? 9.) 


36005 


Numerical integration of EqC4) gives T= 14,9005 (P Y 2 5.53hr 
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10. 107 


() 


(2) 


(3) 


(4) 


10.107 A basin at a water treatment plant is 60 ft long, 10 ft wide, f Q ~ 


H 
and 5 ft deep. Water flows from the basin over a 3-ft-long, H+P, y 
rectangular weir whose crest is 4 ft above the bottom of the basin. | i R= 4H i 
Estimate how long it will take for the depth of the water in the 
basin to change from 4.5 ft to 4.4 ft if there is no flow into the | // ( 


basin. 


Q- C, E VZG b y where b=3# and Cyp = (0.414025 LH ) 
Thus; 
Q- (0.61) +0.075 (E) 2 12 (32.2 8s) GPH - 


Q- 2.8/ ^ 4 0,301 H^. HS, where H~ ft 
Also, 

Q= “lag Ht = - -(sortiott) dt 
Oe -500 4f 

Thus from Egs (i) and (2) 
-6004F = 9.9 H+0.301H ^ 


ah = -0.0144 H E” 000502,/ ^ where H=water depth ip channel ^H. 
Ths with H= 0.5 fl at 1-0 and H=0.4H al tT it follows thal 


t dt = Foo NE 
z (0. 014% J^ «9,090502. n) 
ar S dy 


(0.014 I^ 40,000502/^ 2) 
07» 


A standard nvmerical inte gration of Eg. (*) gives 
J= 294 20.1 5 


Note: From £a. (3), dE - -Q. 00589 Ë t yhen HzO. and -0.00420 £ f 
when H 7*2... Af these "der with af = Af = Ei we would 


obtain T = -0.1tt/(4#) ) --0.18/C-acdsea ft) = 1205 or 
T6 I [1/(- 0.00450 È) = 23.8 s, which brackets theactval T 720-15. 
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10.108 Water flows over a sharp crested tri- 
angular weir with 0 = 90°. The head range cov- 
ered is 0.2 = H = 1.0 ft and the accuracy in the 
measurement of the head, H, is dH = +0.01 ft. 
Plot a graph of the percent error expected in Q 
as a function of Q. 


Q= C, fs lan(2)V2g H”, where O = 90° 
Thus, 

an & tan(8) V29 |G (8) +H% dee 
dQ _ [Gy G0 +H FA] ati 
QC 

Hence, 


Aas 2 a (Fat) s H | a) 


Wilh 0.24H¢1Loft and SH= p ff calculate | 


O.6 0.582 |70.0/8 | 0,044 
0.8 0.58} |-0.005 | 0,03/2 


-Lo 10.581 O 0.0250 


The above results are plotted bebw: 
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10.109 (a) The rectangular sharp-crested weir shown in Fig. “© 
P10.109a is used to maintain a relatively constant depth in the 
channel upstream of the weir. How much deeper will the water be 3 
upstream of the weir during a flood when the flowrate is 45 ft/s +2 
compared to normal conditions when the flowrate is 30 ft/s? Assume => 
the weir coefficient remains constant at Cwr = 0.62. (b) Repeat the 7 
calculations if the weir of pari (8) is replaced by a rectangular sharp- 
crested “duck bill” weir which is Oriented at an angle of 30° relative m$ E 1G U m E' P10.109 
to the channel centerline as shown in Fig. P10.109b. The weir ide 
coefficient remains the same. 





In either case 
Q- Cp Z Vag bH” = 0,6215) 2032-2 fus) bH, 
r 


s Xo 
Q = 3.32 bH E where Q~ f17s when b~ ft and H~ fl (1) 


(a) From Eq. (0 with b - 20M if Q=304Ys then 
30-332 (20) or H,, 70.589 ff 


J 


If Q- *Sfl/s. thon | 
45 -3,32 (20) HL or H. = 0,772 ft 


Thus, AH= H.-H, = 0772fl -0.584 ft = 0/831 
(b) From Eq. (1) with b = 2 (loft) /sin 30°= ¥0ft, (f= 301t% then 
30 £3.32 (#0) He or A, = 0,371 fl | 
If Q =#5 HL then 
j 3/2 
45 =3.32(40)H or f. = 0.486 it 
Thus, AH, = Hes- Hp = O.486Ft - 0.371 = ONS fi 


Note that the "duck bill" weir gives a smaller change in the head than 
does the “regular” wei p. 
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30.00 Water flows in a rectangular channel of 
- width b = 20 ftat arate of 100 ft?/s. The flowrate ` 

is to be measured by using either a rectangular 
weir of height P, = 4 ft or a triangular (0 = 90°) 
sharp crested weir. Determine the head, H, nec- 
essary. If measurement of the head is accurate to 
only +0.04 ft, determine the accuracy of the mea- 
sured flowrate expected for each of the weirs. 
Which weir would be the most accurate? Explain. 


(a) Rectangular weir: 


Qe (0.60 +0.075 (4 WIG 2) fag b H” * where B7 ^ fl 


Thos, | l 
Q= [osn +0.075(4)] (F)[2 (32.2 &)] (205 H 
or 
Q= 107 (0.61 +0.0188 4) H 2 where Q~# - and H~ fi (1) 


in Qs < /00 {F this gives 0.935 = (o. s1 +0.0188H)H* 


(32. S4H)N$ - 947 = =O: ü (2) 
By Using a standard root- finding program, the solution l E g. (2) ts 
delermined 1» be 
H= L29f 








(b) ard weir ` 


Q= ET I5 js lan STI "T. wt a (Bon espera 245 FH H” 


Q - 428C "LM ft j adipe H~ #4 and C i is from Fig. 10,24. (2) | 
For Q= 1001 , assume t. 0.58 so that 


4,28 (0,58) j“ Or H=439ft Mole : The assumed ri 70,58. 
checks (see Fig. 10.24) 


Calculate Q for HF Hio, H+0.04, and Hoo 0-04 From Fas. (D and (2): 
(Rectangular) H, ft | Q, cfs (Triangular) H, ft Q, cfs 









254 | 95.3 | 4. 35 98.0 
Hoo” 1,294 100 | UN 4,39 100 
1,334 [049 4, 43 }02.5 


With H#0.048 it is seen that tr iangular weir is more accurate 
(¢. e. smaller variation inQ). TM 


O 
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10.111 Water flows under a sluice gate in a 60- 
ft-wide finished concrete channel as is shown in - 
Fig. P10.i!l. Determine the flowrate. If the slope 
of the channel is 2.5 ft/200 ft, will the water depth 
increase or decrease downstream of the gate? As- 
sume C, = y,/a = 0.65. Explain. 





FIGURE P10.111 


Q= bg. e bC, a ye y, where b= 60ff a=2ft, and from Fig10.24 


Since v im Jo -5 H follows that G= 0.55 
Hence, p ; 
Q= (ot) (oss 2 f| 2 (32.2% uot] = 1670-8 


Determine the slope needed to maintain abu | ae ae eee 


of the sale: 


l 
Q=-X AR SA, where K-14? and from Table 10-1 n= 0.012 e 
Also, y - C q =0.65 (2f) =1.3 fi E 


so that * L—— sofi —- 
ond Te (1. 2" = 78 fi^, P= (60120.3) fi =62.6 f 


. 28fi* zx 
R= 4 zga 7” 245 fi 


Thus, ie £g, 0: 








2, i 
1670 = 5$ (78)(1,245)5 S | or S,” 0,0222 


3 


Hence, the required slope for vnitorm flow is S,= 0.0222 


but the aclval slope is S,= = 250 = - 0,0125, n than required. 
The flvid will slow down and the depth increase. 


10-108 


20. 112. 


10.112 Water flows under a sluice gate in a 
channel of 10-ft width. If the upstream depth re- 
mains constant at 5 ft, plot a graph of flowrate as 
a function of the distance between the gate and 
channel bottom as the gate is slowly opened. As- 
sume free outflow. 





Q-4b- bGa /2gy, , where y,=5ft, b» 1o fl. and C, is from Fig.10:25. 
Thus, | i , Ls 
Q7 G (i0f)a [262-28 5 D] = 774a 8 , where acf 


J 
1 iP 
a Gi bs C p D 
4 
| Fig. Jo 


== an 
Oo R 
Ww N 
ak 





Q, fe/s 
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10.113 A water-level regulator (not shown) maintains a depth of 
2.0 m downstream from a 10-m-wide drum gate as shown in Fig. 
P10.113. Plot a graph of flowrate, Q, as a function of water depth 
upstream of the gate, y,, for 2.0 Sys 5.0 m. 





W FIGURE P1683 


Q=be 2G al/22, , where a=/m and b om. 


Thus, 
Q E (10m) Cå (Im) 209.8152) (y, m) = 453 Cry where Q^ 


| | when y,~m 
Obtain Oy trom Fi g. 10.25 wrth 5. zs. / 


yl, m ya Cd Q, m^3/s 
2.00 2.00 0.00 0.00 
2.20 2.20 0.25 16.43 
2.40 2.40 0.35 24.02 
2.50 2.50 0.42 29.42 
2.60 2.60 0.47 33.57 
2.80 2.80 0.53 39.29 
3.00 3.00 0.53 40.67 
3.50 3.50 0.54 44.75 
4.00 4.00 0.55 48.29 
4.50 4.50 0.55 51.69 
5.00 5.00 0.55 54.48 
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10.11% Calibration of a Triangular Weir 


Objective: The flowrate over a weir is a function of the weir head, The purpose of this 
experiment is to use a device as shown in Fig. P10.ll to calibrate a triangular weir and de- 
termine the relationship between flowrate, Q, and weir head, H, 


Equipment: Water channel (flume) with a pump and a flow control valve; triangular weir; 
float; point gage; stop watch. 


Experimental Procedure: Measure the width, b, of the channel, the distance, P,, be- 
tween the channel bottom and the bottom of the V-notch in the weir plate, and the angle, 0, 
of the V-notch. Fasten the weir plate to the channel bottom, tum on the pump, and adjust the 
control valve to produce the desired flowrate, Q, over the weir. Use the point gage to mea- 
sure the weir head, H. Insert the float into the water well upstream from the weir and mea- 
sure the time, ¢, it takes for the float to travel a known distance, L. Repeat the measurements 
for various flowrates (i.e., various weir heads). 


Calculations: For each set of data, determine the experimental flowrateas Q = VA, where 
V = L/t is the velocity of the float (assumed to be equal to the average velocity of the water 
upstream of the weir) and A = &P,, + H) is the flow area upstream of the weir. 


Graph: On log-log graph paper, plot flowrate, Q, as ordinates and weir head, H, as ab- 
scissas. Draw the best-fit line with a slope of 5/2 through the data. 


Results: Use the flowrate-weir head data to determine the triangular weir coefficient, C, 
for this weir (see Eq. 10.32). For this experiment, assume that the weir coefficient is a con- 
stant, independent of weir head. 


Data: Toproceed, print this page for reference when you work the problem and ciick Here 
to bring up an EXCEL page with the data for this problem. 
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0, deg 
90 


H, ft 
0.231 
0.224 
0.211 
0.192 
0.176 
0.156 
0.136 
0.106 
0.091 


0.088. 


Qz276 H?’ 


Py, in. 
6.55 


L, ft 
1.50 


V, ft/s 
0.183 


0.176. 


0.140 
0.120 
0.091 
0.077 
0.055 
0.031 
0.024 


| 0.022 


Q = VA = V*b(P,, + H) where V = L/t 


Thus, C,, = (15/8)*2.76/(2*32.2)"* = 0,645 


Solution for Problem 10.1! Calibration of a Triangluar Weir 


Q, ft^3/s 
0.07 11 
0.0679 
0.0530 
0.0443 
0.0328 
0.0270 
0.0189 
0.0101 
0.0076 


0.0070 


Q = C4 (8/15) tan(6/2) (29)'" H°? where from the graph 





Q, ft^3/s 





H, ft 


Problem 10.14 
Flowrate, Q, vs Head, H 
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10.145 Calibration of a Rectangular Weir 


Objective: The flowrate over a weir is a function of the weir head. The purpose of this 
experiment is to use a device as shown in Fig. P10.J£5to calibrate a rectangular weir and de- 
termine the relationship between flowrate, Q, and weir head, H. 


Equipment: Water channel (flume) with a pump and a flow control valve; rectangular 
weir; float; point gage; stop watch. 


Experimental Procedure: Measure the width, b, of the channel and the distance, Pw, 
between the channel bottom and the top of the weir plate. Fasten the weir plate to the chan- 
nel bottom, turn on the pump, and adjust the control valve to produce the desired flowrate, 
Q, over the weir. Use the point gage to measure the weir head, H. Insert the float into the 
water well upstream from the weir and measure the time, f, it takes for the float to travel a 
known distance, L. Repeat the measurements for various flowrates (i.e., various weir heads). 


Calculations: | Foreach set of data, determine the experimental flowrate as Q = VA, where 
V — L/t is the velocity of the float (assumed to be equal to the average velocity of the water 
upstream of the weir) and A = b(P,, + H) is the flow area upstream of the weir. 


Graph: On log-log graph paper, plot flowrate, Q, as ordinates and weir head, H, as ab- 


scissas. Draw the best-fit line with a slope of 3/2 through the data. 


Results: Use the flowrate-weir head data to determine the rectangular weir coefficient, 
Cwn for this weir (see Eq. 10.30). For this experiment, assume that the weir coefficient is a 
constant, independent of weir head. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Point gage 
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10,115 | (cof) 


b, in. P, in. L, ft 

6.00 6.00 1.40 

H, ft ts V, ft/s Q, ft^3/s 
0.254 2.2 0.636 0.240 
0.216 2.7 0.519 0.186 
0.184 3.0 0.467 0.160 
0.162 4.2 0.333 0.110 
0.151 4.5 0.311 0.101 
0.111 6.6 0.212 0.065 
0.060 15.8 0.089 0.025 
0.046 23.8 0.059 0.016 
0.031 38.4 0.036 0.010 





Solution for Problem 10.115 Calibration of a Rectangular Weir 


Q = VA = V*b(P,, +H) where V = Lit 
Q = Cw (2/3) (29) 7 H?? b where from the graph 
Q= 179H'? 


Thus, Cw = (3/2)*1.79/(0.5*(2*32.2)!?) = 0.669 


Problem 10.!{5 
Flowrate, Q, vs Head, H 
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10.136 . Hydraulic Jump Depth Ratio 


Objective: Under certain conditions, if the flow in a channel is supercritical a hydraulic 
jump will form. The purpose of this experiment is to use an apparatus as shown in Fig, P10.1/6 
to determine the depth ratio, y2/y,, across the hydraulic jump as a function of the Froude 
number upstream of the jump, Fr. 


Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate; 
point gage; adjustable tail gate. 


Experimental Procedure; Position the sluice gate so that the distance, a, between the 
bottom of the gate and the bottom of the channel is approximately 1 inch. Adjust the flow 
control valve to produce a flowrate that causes the water to back up to the desired depth, yo, 
upstream of the sluice gate. Carefully adjust the angle, 0, of the tail gate so that a hydraulic 


_ jump forms at the desired location downstream from the sluice gate. Note that if 0 is too 


small, the jump will be washed downstream and disappear. If 0 is too large, the jump will 
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point 
gage to determine the depth upstream from the sluice gate, yo, the depth just upstream from 
the jump, yı, and the depth downstream from the jump, y;. Repeat the measurements for var- 
ious flowrates (i.e., various yo values). 


Calculations: For each data set, use the Bernoulli and continuity equations between points 
(0) and (1) to determine the velocity, V}, and Froude number, Fr, = V;/(gy,)'”, just upsiteam 
from the jump (see Eq. 3.21). Also use the measured depths to determine the depth ratio, 
Y2/ yy, across the jump. 


Graph: Plot the depth ratio, y2/y,, as ordinates and Froude number, Fr;, as abscissas. 


Results: Onthesame graph, plotthe theoretical depth ratio as a function of Froude number 
(see Eq. 10.24). 


Data: To proceed, print this page for reference when you work the problem and click fiere 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 10.116 Hydraulic Jump Depth Ratio 
Experimental Theoretical 
yo ft yu ft yz ft. V4, fUs Fr, y2l y Fr, YY: 
0.855 0.055 0.404 7.19 5.40 7.35 1 1.00 
0.759 0.055 0.386 6.75 5.07 7.02 2 2.37 
0.691 0.055 0.367 6.42 4.82 6.67 3 3.77 
0.578 0.055 0.337 5.83 4.38 6.13 4 5.18 
0.492 0.055 0.308 5.34 4.01 5.60 5 6.59 
0.414 0.055 0.280 4.85 3.65 5.09 6 8.00 
0.289 0.055 0.233 3.95 2.97 4.24 
0.248 0.055 0.211 3.62 2./2 3.84 
For flow under a sluice gate: 
V: = [2g*(Yo - YDA - (Y/Y) MI” 
Theory: 
Yolyy =[-1 +(1 #8F ry?) 
7 Fr, = Vagy) ^ 
Problem 10.116 
Depth Ratio, y; y;, 
| VS 
Froude Number, Fr, 
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10.417 Hydraulic Jump Head Loss 


Objective: Under certain conditions, if the flow in a channel is supercritical a hydraulic 
jump will form. The purpose of this experiment is to use an apparatus as shown in Fig. P10.117 
to determine the head loss ratio, /4 /y;, across the hydraulic jump as a function of the Froude 
number upstream of the jump, Fr; 


Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate; 
point gage; Pitot tubes; adjustable tail gate. 


Experimental Procedure: Position the sluice gate so that the distance, a, between the 
bottom of the gate and the bottom of the channel is approximately 1 inch, Adjust the flow 
control valve to produce a flowrate that causes the water to back up to the desired depth, yo, 
upstream of the sluice gate, Carefully adjust the angle, 0, of the tail gate so that a hydraulic 
jump forms at the desired location downstream from the sluice gate. Note that if @ is too 
small, the jump will be washed downstream and disappear. If 60 is too large, the jump will 
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point 
gage to determine the depth upstream from the sluice gate, yo, and the depth just upstream 
from the jump, yı. Also measure the head loss, /;, as the difference in the water elevations 
in the piezometer tubes connected to the two Pitot tubes located upstream and downstream 
of the jump. Repeat the measurements for various flowrates (i.e., various yo values). 


Calculations: For each data set, use the Bernoulli and continuity equations between points - 
(0) and (1) to determine the velocity, V, and the Froude number, Fr; = V;/(gy,)'”, just up- 
stream from the jump. Also calculate the dimensionless head loss, 7 /y;, for each data set. 


Graph: Plot the dimensionless head loss across the jump, /,/y,, as ordinates and the. 
Froude number, Fr), as abscissas. 


Results: On the same graph, plot the theoretical dimensionless head loss as a function of 
Froude number (see Eqs. 10.24 and 10.25). 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 10.117 Hydraulic Jump Head Loss 


Experimental Theoretical 

yo, ft y, ft Ya, ft. hi, ft V4, fts Fr, hi/y, Fr, yal; hi/y 
0.855 0.055 0.404 0.364 7.19 5.40 6.62 1 1.00 0.00 
0.759 0.055 0.386 0.313 6.75 9.07 5.69 2 2.37 0.27 
0.691 0.055 0.367 0.271 6.42 4.82 4.93 3 3.77 1.41 
0.578 0.055 0.337 0.201 5.83 4.38 3.65 4 5.18 3.52 
0.492 0.055 0.308 0.152 5.34 4.01 2.76 5 6.59 6.62 
0.414 0.055 0.280 0.117 4.85 3.65 2.13 6 8.00 10.72 
0.289 0.055 0.233 0.058 3.95 2.97 1.05 

0.248 0.055 0.211 0.042 3.62 2.72 0.76 


For flow under a sluice gate: 
V1 = [29*(Yo - y3)/(1 - (yJ yo) )] ^ 


Theory: 
hy, = 1 - (Yaya) *Fr[1 - (yy)? y2 
where 
ylyi = [-17* (1 + 8Fr,”) "y2 


Problem 10.117 
Dimensionless Head Loss, h, /y, 


vs 
Froude Number, Fr, 


—~ Experimental 
—— Theoretical 
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11.1 Distinguish between flow of an ideal gas and inviscid flow of 
a fluid. 


he Flow of an ideal gas imvolves a gas that obeys the 64 a Tr 
of state, £9. //. 1 


& £ 


KT » 
and for which mierna! energy Ù, js 4 Lipa jas: of temperature only 
An ideal gas my have vion- zero viscosi ty. 


The mviscjd thw of a fluid ynvolves a Huid thar has 
3ere Viscos ity Thal fluid may or may vo] be an idea i 945. 





l3 


11.3 Five pounds mass of air are heated in a closed, rigid container 
from 80 °F, 15 psia to 500 °F. Estimate the final pressure of the air 
and the entropy rise involved. 


To determine the finaal pressure, Po; We can use the ideal 
gas Ejuaton ( 64. 4.1). Thus, for constan? mass = density, 


ee en a, Teau fpg “ure | 
£I 7 — = —— ~- 26.7 psa 
nal 7 ——— 
ini tial 5 70 R 
£q./.22. may be used to determine the entropy vise, S-S. Thus, 

24-8, S C, In T finat —- K/n Be 
7. 
initial se D^ Table ^7 


S-S, = (booe Fle f+. lb J^ 160 R R ) - fne tiw A lb ijet in} dco 
slug. R 540° | Slug. 4 (5 psia ug. R 


11.4 Air flows steadily between two sections in a duct. At 
section (1), the temperature and pressure are T, = 80°C, 
pı = 301 kPa(abs), and at section (2), the temperature and pres- 
sure are T,= 180°C,p, = 181 kPa(abs). Calculate the 
(a) change in internal energy between sections (1) and (2), 
(b) change in enthalpy between sections (1) and (2), (c) change 
in density between sections (1) and (2), (d) change in entropy 
between sections (1) and (2). How would you estimate the loss 
of available energy between the two sections of this flow? 


(a) Eg. (1.5 may be used 75 evaluare the change m +h Erna! 


energy | ú, - 4, - TWS , y 
74,720 
&-6 = 4 G&-T) = (n72 T ar L #7- 353k) = i ai 


(b) Ég. 11.9. may be used fo evaluate the change Pe enthalpy, 
awk. Thus 


J 
wv v E T 
Kk = e, )» (m Z \fas3k - 353K) = mem T 
Z f 2 ty. K ) hs 








(c) the ideal gas equation (Eg: ti - Md be used Y» evaluate 
the density at each sechon. 


= & E. 
A f RT, RT, W E) 


or N 20; 000 N 
Z +g L (ra °° S M" ) = (4 000 E 2 --458 #9 
P (2869 2j (453k) (353K) EN 
From Table /. 9 ? 


(d ) Eq . 1.22 may be used To evaluak the change in catropy , 
£-$. Thus, 


6-5, = C, /n 3 Rin fe . fot Z J lA ac} 
7 F, $9 K (353K). 
2 Fs PPM 
4-5, = 396 JT CURA 
~~ kK 





(cort) 


Since the flow invelves a Significant chanse m densita, See 
Solutio, fo Par! (€) Above , it is Compressible and £9. 5108 
must be “Sed Y» evaluat the loss in availabk energiy sheen 
sec hms O) and (2). So tm £2. S./0E we get 


2. 
v y 
si © U -ų4, + f pdf y 
/0 i J Py ) B net 


/» 
and to twnplefe this solehm we need mort ptr matin So vet 
Can evaluate the ihk sya / am d F e ; 


n 


WS 


11.5 Does the entropy change during the process of Example 11.2 
indicate a loss of available energy by the flowing fluid? 


We combine £4. 5.10€ 

di + Pas )- E? net = S(10ss ) 

jn 
with Eg. 5.9 R 
ds «du dt 

Tds ut p (5) 
to get 

/ds a Fret d ( bes ] 
and Conclude that if this flow Is adiabatic (G 2) 


ih 


then entropy change jc belated to hess. 


Ile 6 


11.6 As demonstrated in Video V11.1, fluid density differences 
in a flow may be seen with the help of a schlieren optical system. 
Discuss what variables affect fluid density and the different ways 
in which a variable density flow can be achieved. 


Fov an dea / gas : 
e- c 


RT 
so changes in density ewill accompany changes in 
pressure, P, 995 compositon R, and/or temperature, T. 
Variations in flaid velocity and/or heating and 
cooling may lesu/? in pressure and temperature 
Changes. Changes im GAS Cmposifhon that affec? 
the Value af the gas Cms Tan | R, will result in 
changes of density, e. 


AL 


11.7 Describe briefly how a schlieren optical visualization system 
(Videos V11.1 and V11.4, also Fig. 11.4) works. How else might 
density changes in a fluid flow be made visible to tbe eye? 


Density Variathons iN Aa transpa vent flowing Shard result In 
Vaviahons — 


These light speed Vanianons result in changes in light ray 
direction and phase. Changes m Might 

local variations in perceived light brightness, The. 
shadowg raph and schlieren mefhods make vis/bfe 
these variahons n 1I 19 ^7 bright ness. An interferometer 
makes visible the local variatons £n light ra y phase . 

A Good description of these three How Vizualizahor 
methods may be found (4 The Hand book of Flijd 
Dynamics edited by Richard W. Jthusom and 
published by the CRC Press (1998) . 


il-5 
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11.8 Explain why the Bernoulli equation (Eq. 3.7) cannot be ac- 
curately used for compressible flows. 


Refer to Section 3.8.1 Compressihi lit, Effects 


11.9 Air at 14.7 psia and 70 °F is compressed adiabatically by a 
centrifugal compressor to a pressure of 100 psia. What is the min- 
imum temperature rise possible? Explain. 


The minimum temperature rise would occur with an adiabatic and 
frictionless process which involves a constant entropy ov isentropic 
flow. According w the second law of thermodynamics, Eg. 5./01 , 
the €nfropy must mcrease or véwain Constant during an adjabatie 
process, jf Cannot decrease. The T7.s diagram sketched tlw 

illustrates how the iStrtvople process vesults (n A minimum empereur 


re. Pout 








/ 

“2 adiabatic process with friction 
i 

4 P- 
isenhoypic p 


Compression 


s 
For the 1Sentropic Process , gt — /3 valid. Thus , 


Hy 
T auf = r ( > = (530'R ) (etes v aa = 42/7 
Minimum 4, 7 p514 
and 
T, - rp, =U1R ~530'R = BIR 
ou á ———— 
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11.10 Methane is compressed adiabatically from 100 kPa(abs) and 
25 °C to 200 kPa(abs). What is the minimum compressor exit tem- 
perature possible? Explain. 


The minimum compressor exit temperature would occur with an 
adiabatic and fichonless process which /nvolves a ceanstant 
entropy ev j$enfroplc flow. According to the second law of 
thermodynariies , Eg. 5.101, the entropy must "crease or 
vemain constant during an adiabatic process, it cannot 
decrease. The T-s diagram sketched below illustras how fhe 
iSthtropic process results in o bwer exit femperature thar any 


actual adiabafe process between the same pressures . 
| P 






T 
adiabatic process with friction 
isentropic 
process 
S 
For the isenhdpic Compression, we conclude From &. //. 24. that 
k- 
7 = 7. = ya 
out, "|n 
Animum th 
^2t- ! 
Or ET 
Ea z (296K) 200 hho = 35/ K 
MMi mum mde 3 Ra DT 


fi. 3 


Dom 


| 11.11 Airexpands adiabatically through a turbine frorn a pressure 
and ternperature of 180 psia, 1600 ?R to a pressure of 14.7 psia. If 
the actual temperature change is 85% of the ideal ternperature 
change, determine the actual temperature of the expanded air and 
the actual enthalpy and entropy differences across the turbine. 


Jo determme the actual femperature of the expanded air ana the 
actual entha [py and entropy differences across the turbine we need 
first fo determine the ideal temperature change across the turbine. 
The ideal temperature change acwss the turbine is associakd wilh ab 
adiabatic and frictionless and thus isentropic turbine Cypansion. 

The actual process moves. A Smalley temperature change As illushakd 
Wilh the T-S diagram skekh below. 


T 








isentropic 
process ts 





Eg. 11.29 is vahd tor - isentropic HA -— 
| j P, 
Lap “ 7 (Cem de) siit (ara y ate 


idee / 130 psia 
i 
E 0.85 a = 7 
23 7, ) = (7 tn 
ü e 
enm E 0 
Lu z 0.85 (7822 - 1600 ) + (600R = 105 E 
| actual y 
The actual p. diffrence, h lnt - -h ,) may be obfuned with €9.1/.9, Thus, 


haut 7 h,. "6L, - T) = > (toos £ ft. lb = for M. ~ 4607) = -¥/7XI0 £L 


actnal actual — — — slug 
the actual entropy difference out ed 245 — with Ep. (4.22. Thus, 


Sut y 5. eee cet) - -K nfet) + - fere 41. 7 A hf (ee) 





or Flug. *R Pi °R 190 psia 
Sul —5. = $77 Pr 
| &cnal ™ = Flug. OR liia Table /.7 
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11.12 An expression for the value of c, for carbon dioxide as 
a function of temperature is 


1.15 x 10f 249 x 10° 
y^ 286 — — T ET m 
where c, is in (ft- Ib)/(Ibm - °R) and T is in °R. Compare the 
change in enthalpy of carbon dioxide using the constant value 
of c, (see Table 1.7) with the change in enthalpy of carbon diox- 


ide using the expression above, for T; — T, equal to (a) IO °R, 
(b) 1000 °R, (c) 3000 °R. Set 7, = 540 ^R. 


C 


lov constant G, the change In enthalpy ,h,-h, , may be 
evaluated with Eg. 1.9. Thus, 


(h-h)= 5 Gs T sd) 


fov varying Te Co " the change in enthafpy , h eee be 
nee with Eq. ~~ Thus, 


ifs dT - ffe -NEXE " "a AT 
Y 


I. d m ff. tb 2 _ i id eu: / 
h, d , E 7, ) -nsx Bk Lo J — [363 "t 


/ 
(a) Fav INT and r= SSOR 


= (152 tt le Jen R- S5¥O'R) = 1520 Em 

















* o An lem. R. m 
and 
v wv 
-h ; =(236 Ps. SSOR- 540 R fisxo f+. Ib lb ma 
Ch, i Jay lim. R ( k) thos pn 540% 
(este fide, R E EE ) 
Ibm 550 R 545 R 
w v 
= (580 $t tb 
1S ERE oS 
arying 
Co 


(con't ) 


M=-4 


EUST E 3) 


(b) For 7 = S40 R aud T= /540?p 


2 


(^, - 5 ) Jeux. f+. l ) jsyo'e- 540) 2452 40 fLl 
d lym. ep 4 


and 
(h,-h, ) = (75 Ft le V Isok- smR) 
2 17 Varying lbm. "R 
C, 
- (1.15 x10 #46 D lb 463 











549 R. 
24/3 y 10° ft. lb. R ) 
a v Ibm meti i arn 
h-h) . = 495 x10” ftl 
Varying — (€ How 


Cp 
(for T =S¥0R aud 7, = 3540R 


" ^g 
G P = fee PLA ff. l6 (3590 R- S¥O'R) = -456 yı) +i. lb 
! -constant — 


2 








| /brs. *, "72 / bv 
Go 
voy 14/5 ) (3 540% "Aú 35yo R 
-( 286 3540  - SHR ) (1.15 xio fI 
( h,- h, ) varying (2 lbm. % ae) f pan 277 5 
ee -(249x10° £t. lb. Maryi n 
/ó rn 3S Yo R Stee 
v 5 
(| 3 Lj = 630 xio FF.16 
2 varying Iá€—— Ibm 


6 
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11.14 Confirm the speed of sound for air at 70 °F listed in Table 
B.3. 


E Mt. 36 1S su i fa ble fr caleulahng the speed of Sound In alr. Thus, 


C= RTR = (16 14. [b ) ra) = 429 Ít 


slug, R / 4^. 5 
7 Slag, Y ) 
s+ 


From Takle P3 


(2128 Æ fw ar at 70°F Jhe values of c are compara ble. 
k 
[1.15 


11.15 From Table B.1 we can conclude that the speed of sound 
in water at 60 °F is 4814 ft/s. Is this value of c consistent with the 
value of bulk modulus, £,, listed in Table 1.5? 


The speed of sound jn wafer 


may be appoximated tom a 
hominal value of the bulk modulus, 














Eig , and dens ity, P 
with Eg. N-38. Thus 
C = JE - ET 
L "n = 48/2 ff 
(tte 7 ef» ) 
From Table B.I m wy A 
C = 4814 ff 
5 


M= 


11.16 If the observed speed of sound in steel is 5300 m/s, deter- 
mine the bulk modulus of elasticity of steel in N/m?. The density 
of steel is nominally 7790 kg/m’. How does your value of E, for 
steel compare with E, for water at 15.6 °C? Compare the speeds 
of sound in steel, water, and air at standard atmospheric pressure 
and 15 °C and comment on what you observe. 


The speed of Sound C, is related ro The bulk modulus of 
elasticity, E, , and density, p, by Eg. 38 as flows 


C z E 
/? 


E oa ge Table 1:7). 


VU 


Thus 


and for steel 


Z 
Á 
E = (7720 = e px 
m 


Steel kg, "M 
d / dii 
E = 2/9 X10 Le 
ef == mt 
For water al 1536% we get tm, Table Ib wn Table 1-7. 
E. = 215xi0" N 
y^» m> 


Fev watr at lig% 
cs fe. 
wate ~ po 


For €—À 






Nv 
2.15xI0" =. ) 





/770 2 
S 


k t d = 
(979 ESIA om 


C = 5400 = which is much higher thah the 
Speer of Sound im waler- 





fe 340.4 nf 
The least Compressible material steel, mvelves the anges speed of 
sound. The most compressible material, air volves fhe Sma llest speed 
of Sound. This matches ouy sntuitjon- 


/1-IZ 


11.177 Using information provided in Table C.1, develop a table 
of speed of sound in ft/s as a function of elevation for U.S. 
Standard atmosphere. 


We. Cn use e. 11-36 to determine The speed of sound m U.S. 

standard Atmosphere at The elvwvahims W’skd in Table C./ Thus, 
C= Y RT 

We wen deus pt and R = 1.40 tam Table 1: 7. For absolute 

Temperature we ada #60 R To F. For affrde = - 5000 f? 

[^v £4. 16 j] c 


slug. R / lb 
á slug. tf 


For all elevations , the Same procedure shown above was used. 
The results are: 





1136 Ít 
E 





altitude C 
IL. HA 
- 5000 1136 

O 117 
5000 (097 
/0,0 00 1078 
/5, 000 1058 
Zo QOO 1037 
25 000 /01 6 : 
70,000 995 
22000 273 
40,000 468 
45,000 46 8 
56,000 46 © 
60,000 26 8 
7o, 000 Q7! 
8o, 000 973 
40,000 934 
/00,000 941 
150,000 1073 
200, 000 1/028 
Z50, O00 qu 
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11.18 ^ Using information provided in Table 
C.2, develop a table of speed of sound in m/s as 
a function of elevation for U.S. standard atmo- 


sphere. 


We Can use Eg. /1-36 TO defrmine the sped of Sound in U.S. 
standard atmosphere at the elevations listed th Table C.2. Thus, 


C = [RTR 


1.40 from Table 18. Fey absolute 






We use R= 286.9 2. apd & = 
Temperature we "1 273K to °C. For altitude =-1000m ) 
- | 294.5 K )(1-40 
c= [286.9 (294.5 K )(1-40) 344 om 


n. 
UE) 


For all elevations, the above procedure was used. The vesult are: 


Altitude C 
m m/$ 

- /000 344 
O 340 

/O00 336 
2000 Dips 
3000 228 
4000 324 
5000 220 
6000 216 
7000 Sie 
F000 308 

2 000 30H 
/0, 000 299 
/5, 000 Las 
20, 000 245 
25 000 298 
30, 900 202. 
40,000 $17 
50, 000 320 
60, 000 ge 
70,000 Z97 
70, 000 752 


UNE a 


11.19 Determine the Mach number of a car 
moving in standard air at a speed of (a) 25 mph, 
(b) 55 mph, and (c) 100 mph. 


The Mach number is the ratio of local velocity db speed of sound 
Thus 


lv standard air 


= ers - (n f+ le fh Me) (509 A YOR) = nm tt 
Flug. "e À 


(3600 = 
aod AI? tft 5r u mph 
21 tt) ; > LG "P 
14, 


(a) for V= 29 mph 


Ma =- 2° — 








eem me = (2, O55 
161.6 mph 
lb) For v = 55 mph 
Ma « EET "Pr - 0.0722 
76/.£ mph M E 
CFor V= /00 mph 
Ma = 100 "p^ = O/3| 








7616 mph 
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11.22 Ata given instant of time, two of the 
pressure waves, each moving at the speed of sound, 
emitted by a point source moving with constant 
velocity in a fluid at rest are shown in Fig. P11.23 
Determine the Mach number involved and indi- - 
cate with a sketch the instantaneous location of 

the point source. 





| 0.15 m 


m FIGURE P11.2 
The Mach number associated with, the mofton of the 


pomt Source (n volved im the sketch above js easily ab/aned 
With Eg. 1239 as Shown below. 
Maz: —- 
Sin K 
From the skekh above we nor that 














sy = 0.01 m 2 O. / m 
g 015m +L 
Thus 
O.41m )0.1/5m¢+ 2) = O1mpd 
id 4 =- (0.0m (015m) . 9.0167 m 
(0.09m) — 
Quel 
she = Cam a afm 
0.0167 m 
Jhua 
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11.24 Ata given instant of time, two of the instantaneous Jecahon | 
pressure waves, each moving at the speed of sound, of the point 4 
emitted by a point source moving with constant source, 10 in^ € 







velocity in a fluid at rest are shown in Fig. P11.24. 
Determine the Mach number involved and indi- 
cate with a sketch the instantaneous location of 
the point source. 


2 in. = C(€ -É t 


M 
Vé 





FIGURE P11.24 


To defermme the Mach number, Ma, we use 


Ma = Vwan 1) 
C É wave 
Howeev from the skefeh above we have 


c(t 7 T.ave ) = 2 in = ct = "A ARAR = /O in. i; MT 
Thuas, 
ct wave 


anc wt fl €$./ 
Ma = L9 n. = Q.625 


2 /O tù. -2in. = Bam - 











8 in. 
Also 
Ma = vt vt = 0.625 
ct /0 in 
Thus, 


yt -OS25 Clown) = 6:25 m 


/[- /7 


11.25 Sound waves are very small amplitude pressure pulses that 
travel at the “speed of sound.” Do very large amplitude waves 
such as a blast wave caused by an explosion (see Video V11.7) 
travel less than, equal to, or greater than the speed of sound? 
Explain. 


The speed of Sound DE 75e speed a? whi ch a+? 


In Lini tesi madl press ure, distu vance tra vels th rough 
Q fluid and it represents the minimum speed 
of this disturbance. Finite pressure djsturbances 
travel faster than sound waves because the 
larger pressure di fference acts as a driver of 
faster novem ent. 


11.26 How would you estimate the distance between you and an 
approaching storm front involving lightning and thunder? 


One way Jo CShrmate the distance between your 
and apprea ching storm clouds, x , is To coun? 
the humber of seconds, É between Seeing the 
[ightming and Atari) thunder. Using an 
approximate value of the speed of sound, 
LIIS as ( see Table 8.3 ) We cdn Approx imale 
distance, x trom 


x= (ues E Ye) 
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11.27 If a person inhales helium and then talks, his or her voice 
sounds like “Donald Duck." Explain why this happens. 


The speed of Sound in helium /s nearly three fes the 
speed of sound in air. 


11-28 


11.28 If a high-performance aircraft is able to cruise at a Mach 
number of 3.0 at an altitude of 80,000 ft, how fast is this in (a) mph, 


(b) ft/s, (c) m/s? 


(b) With Eg. 11.46 


y = (Ma ) C 
Ane at 80,000 Y^ in (US. standard atmosphere, we have 
trom the Solution o £ problem /1. 16 


C= 97g tt 
S 


Thus 
= fi) - 2930 ft 
V = (7.0)(978 ft ) 
(a) Ther 
600 $ 
y= (2.930 d (3600 ie Z000 mph 
(5270 A 
mi 
(e) Also 


y = (2930 £ J)(. 9.3048 p) = 573 @ 





//4-/9 
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11.29 At the seashore, you observe a high- 

speed aircraft moving overhead at an elevation 

of 10,000 ft. You hear the plane 8 s after it passes 

directly overhead. Using a nominal air temper- 

ature of 40 ?F, estimate the Mach number and t 
speed of the aircraft. 


The Mach number is related Yo the angle x by Eq. 39. hus 





Ma = Ea = v (! ) 
Sty A C 
Also 
taney = É 
V+ (2) 
Com bining Egs. / and 2 we obtain 
sin X zt sm a 
Cose 
Or 
Oo z 
MOW 
l= - /0% tt 
5 
Then n 
f o 
we OF (10% € Yt) ae 
(70000 ff) 
/ 2.08 
Mae © am zz 0 == 
Furv her 





£t 
y = (Ma)c = (2.08) (10% £t) - 2270 ^ 
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11.20 Explain how you could vary the Mach number but 
not the Reynolds number in air flow past a sphere. For a con- 
Stant Reynolds number of 300,000, estimate how much the drag 
coefficient will increase as the Mach number is increased from 
0.3 to 1.0. 


Considering air as an ideal qas , we can express the Mach number 


Ma, as 


V 
Ma = E Iz — (1) 


[RTR 
The Reynolds number, Re, IS 


Re = «Vd — PVd (2) 
M RT m 
Looking at equations Land 2 we Yeason that we an VOYY 
Ma while holding Re stant by varying V ard P only 
With pV held czwstavt: 


From the avaph below we conclude Thot at Re= 3x10° 


the draq coefficient iwemases from 0.47 to 0.75 at Ma 
increases fem 0.3 +0 LÔ. 


FIGURE 11.2 The variation of 
the drag coefficient of a sphere 
with Reynolds number and 

? Mach number. (Adapted from 
Fig. 1.8 in Ref. 1 of Chapter 9) 
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11.33 Starting with the enthalpy form of the energy equation (Eq. 
5.69), show that for isentropic flows, the stagnation temperature 
remains constant. Why is this important? 


Starring With Eg. 5.69 we have 


2 1 a . 
v V.-WV. - - W 
m E h. + a + 20,7 2, )]- Thai shaft 


inn 


/n het Jn 
For isentropic flaw the On tropy remains Coah]. 
And m O, Sta fnaf enthalpy is defined OF 
hoe hove 
rA 

So , fw neh ble chançe wn eleva hon (okay ter gases) 
and ho sheft work, oes then 

V 


ho Yemans Constant . 


and since tor an ideal gas enthalpy js a tunchon 
of temperature Only, we conclude that constant 
h, WIC ANS constah ft stagnation temperature 1. 


This constant stagnahon temperature provides us with 


a convenient reference property at every location in 
a specific isentropic flow. 


[/22. 


11.34 Explain how fluid pressure varies with 
Cross section area change for the isentropic flow 
of an ideal gas when the flow is (a) subsonic; (b) 
supersonic. 


With the he lp of Eg. /}-47 We Can Comment On how prexeve varies 
With Grea change In an Ísen?reyrc How. From Eg. /4.* ? we obfam 
ya 
dp = oV dA (1) 
Cis MG “J 


(a) For subsonic How, £g./ Suggests that changes of p Follow 


Changes of A. Jf A mereases p crass and vice versa. 


(b) For supersonic fw, €$./ suggest that changes Of p are opposite 


© changes of A. Jf A imcereasés, p decreases and vice veria. 


11,35 For any ideal gas, prove that the slope of constant pres- 
sure lines on a temperature —entropy diagram is positive and 
that higher pressure lines are above lower pressure lines. Why 
is this important? 


From the second Tds eg uation » Eg.//./8) we note that fora constant 


pressure. line 


Vv 
he fT 
ds 
And sine fy an dea/ gas EG. 11-7 /$ valid , we have 
dh = 6,aT 
and thus 
dar. Tr (1) 
ds Co 


With &g./ we conclude that the slope of a Constant pressure line op 
A temperature - Entropy diagram js positive . 
Further, trom Eg. 1.24 we conclude phat 


Ck 
P fe) 
F, 7 | à 
tor any (S@ntropic Process anol thus higher press ce lines are above 
owe ressure hnes in Temperature En oy eliagrants. This txtormation is 
pone at^ because if ences us te ro Fig Z w bi P Min corre cty - 
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11.36 Air flows steadily and isentropically from standard 
atmospheric conditions to a receiver pipe through a converging 
duct. The cross-sectional area of the throat of the converging 
duct is 0.05 ft”. Determine the mass flowrate through the duct if 
the receiver pressure is (a) 10 psia, (b) 5 psia. Sketch tempera- 
ture —entropy diagrams for situations (a) and (b). Verify results 
obtained with values from the appropriate graph in Appendix D 
with calculations involving ideal gas equations. Is condensation 
of water vapour a concern? Explain. 


This problem is similar to Example 1.5 


The mass Howrate is obtained at rhe throat with Eg . N. Yo. Thus, 


(^) 


~ Cu. A a 
The throat density Can be obtained wi th £3 ^ 69 Thus, 


- 9 / TEX (2) 


To determine The throat Mach number we use £3. 11.59, Thus, 


fay f(2)* 4] 


The critical throat enin is obtamed with €£4.ILI.61. Thus, 


(3) 








x 3 Lt 
i. - oh P vr 2h ( 14. ? psia ) EX] = 7-76 psia 
1-40 +1 
IF fhe veceivey pressure | y ) is qveater Phan or egual To 5 5 
then p c P ard the flow is not choked. Lf P< pë 
T4 re re A ^ 
then p = 2 and the tlw is choked. 


The veloci ty at the throat is obfained wilt EGS. [1:36 and 1976 
Combined To yield 


- / (4) 
n a Ma, KTR 


where T, iS teamed witt Eg. 11.56 . Thus , 


4r 
- L (5) 
M — ME" 
/ + (B=! Mal 
(con't 


H- 24 


| 7224 1 (ees) 


Fo z } > "s 
(a) r /O psia P. 


7. y ; — - 


22316222 
1.40 -1 ) = 


/O psia 







From &g.2 we obia in 


/ 
J / ho - | 
vi = (2.3 27 4 ) -3 
* — = /. Á 
i $77 / + ("2 ) (0.7628) d ans = 
2 


f, 





Fron Eg. S we get 
- 517R a 
A 3 ; = ¥6¥.79 R 
/ PEE 
+ (^4- !)(o.2628) 
and wild Eg. Y 


K = (0.7628 ) J Ft le \ (1.40 )( HYG ) 


eo E. o 8S05p2 
Slug. p ) * 
fr 





Wi th Eg./ we obtain 


zo 
m = (1.807 x10 chg f 0.05 4) 906-2 £) = 0.0728 slug 
f E 











Alter natively =e Using Fig. Dl with m <=(0.0723 tle 9 oz. ‘be ) 





F 10 psi m c L. [bm 
1h = a A =- 0.66 i 
F 14.7 piia 
The Value of Ma, HA 
Ma = 0% 
th 
For Ma, = 0.76, we Get trom Fig. P.I 
la = 009 )T=(0.9 H172) = 46T R 
Then wif €4. 7 
V, = 0,76 1716 fE lb \(140 ) (467% 
a Flug °R TANTE = doS ft 
/ 4% ) > 
Slus, fy 
se 
(con't 


11-25 


[con't ) 


fov Ma, = Ob we gel fam Fig. d! 


-3 a 

= 0.760 = (0.7 pri L )= Aj xa Shu 

£6 2 (0.% )(2.2P xt =Z ) L4 
Now, with, Eg. / we obram 


s T fi) = Slug _ 
m = (18 xw zu (0.08 FHS 9) = 0.076 zj s 2.44 oe 








. x 
(5) Fer B, = 5 psia SLE = 7. 76 psia , fa = 7.76 pic ane Maye 60. From & 2., 


- / 
as = (2:38 xto EJ / 440-1 ; 
fy? Ren w(te-) = 1.509x10 Flug 
a. £t? 


from Eg.S we obtain 
Da. SAE 


rA 


aua ut, eg. 


a AnS 2 











With £4 | we obtain 


-3 
m = [1-509 x10 19 ) (0.05 ¢4* fioi? 2» = 0.0769 slug . 247 bm 
fp a 7 wm 


Alternately , dm: Fg. D. fy Ma = L0 
T =(683 )($]0)- I R 


7/7, 

and j 3 = 
2 = (00.64% ) C236 XM ET ) = ^S$2xm fh 
th : #2? 22 


Then wilh Eg. F 


Vy, = Maz ft. Me > 
E v (040) (9?3] ^£) 


d P ET 
Slug. fT 
ge 


(con't ) 


= /020f* 
T 
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- 


[7:35 Woon) 


find wilh Eg. / we obtain 





3 
h = (1.52. x00 Ar) oos ft> 1020) = 0078 S1 = 2,51 Ibm 
4 fit / uM HP, g 





Condensation of water vapour is a topi that deserves further 
$ tudy and discussion . 
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11.3 7 Determine the static pressure to stagnation pressure ra- 
tio associated with the following motion in standard air: (a) a 
runner moving at the rate of 10 mph, (b) a cyclist moving at 
the rate of 4() mph, (c) a car moving at the rate of 65 mph, 
(d) an airplane moving at the rate of 500 mph. 


With a value of Mach number Caleulaled wilh 


Ma = v 
We Can Saft dad: 





F 
r with Faj a 2-1) Ma? 


Pr c we use for parts ab and C 


C =/RTR = 
- = (117 oye £ ) 


(5280 ff 
(à) For v= [O mph mi 


Ma. = SO mph | = 0.0/3 1 
T6146 mph 





or 





and 


(4) Fa v= 40m 
Ma = tOmh  . 00525 
nc 
Gnd j Aa 
x ————— . 6,99 
a [ i+ verser | ba 
(c) Fr Ve 6S mph 
Ma = 6S™pb . ooOFSY 
764. 6 mph 35 
UE 
—————— 2 0.93 
"s ag Er y "7 
(cont) 


1716 f*-IL 
Shag. (519 "R yL1-¥o ) 


f / To 
Slug, e) 
Ss» 


761.6 mph 


a 
A di a“ m asy] dE 


/- 28 


£ 





(11-59) 


ere 
om 


1-37 | (con't) 


(d) For airplane we asJume a ho mina alfa tude of 30 coo Ft 
y : 
From, Table C.I we nofe a Cowes ponding Temperature of - 47.83 F, 








Then 
- (mé fa. lb eu Hm = 4) 
Slug. R 
H Ay.) 
C= 79S f+ 
S 
Ov 
c= (995 P nu (3600 sum iz) = 679 mph 
(5260 of 
Then tw 
mph 
Ma = S00 P = 0.738 
678 mph 
IT 


Ea! 
int ha pet. 0.$96 
" / 7 0:2 (0:138) 
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11.38 The static pressure to stagnation pressure ratio at a point in 
a gas flow field is measured with a Pitot-static probe as being equal 
to 0.6. The stagnation temperature of the gas is 20 °C. Determine 
the flow speed in m/s and the Mach number if the gas is air. What 
error would be associated with assuming that the flow is incom- 
pressible? 


To determine the tlw speed and Mach number having been given 
the static pressure to stagnahor pressure ratio, E , and 


Z P 


stagnation Temperature , 4, Tor aw we enter fig. D. 4 with 
the given value of A and yead the 


Corresponding verse of Ma. thus with £ = = 0.6, the 
corresponding value m Fig. Bl j à 


For Ma =089, Fig. D1 grees 


L . 0.86 
7o 


and thes 


Ps 13. = (0.86  J(243&) = 252 K 


Then 





NS 
i 


(Ma)c = Ma |/RTR = 089 [(286.9 ) Meise G A i4) 


or Ue 


Inspection of Fig. 3.24 suggests that f this Mach number 


level, the error associated with assuming that the thw 
i$ in compressible Would! be unacceptably large. 
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11.34 The stagnation pressure and tempera- 
ture of air flowing past a probe are 120 kPa (abs) 
and 100 °C, respectively. The air pressure is 80 
kPa (abs). Determine the air speed and Mach 
number considering the flow to be (a) incom- 
pressible; (b) compressible. 


(4) Assuming mtompressible tow we use Bernoullis ejua jan (5.3.7) 


Jo connect the stthe and Stagnanon states and get 


fo 
With the ideal Gas eguahon of sak ( Eg.1) we otn 
- fo 
A RT (2) 


ana tomlin ng Egs . and PA we ob?RIN 


/ = 2(f-P) RT, 
A 


2 [120 4 hfa (abs ) — 80 falas) ] (286.9 as em ene) 
[/29 ee + 
For Mach number we need 
Ma = V = l (3) 
^ RTR 


Ja defermme& T we use the eguafion of matron (E3 1-34) b oblin 


ov 





= 2677 
== 9 








T= 7 - v^ (*-) a 373K . (447 > 7 h14- /) [+ J 
aids Z (1-4) (286.9 Wm ) Mu 
^ T -3375& bud 
( Con'1 ) 


Ls 9 


39 Con't ) 


Wim £g. 3 we obtain 


Ma = 267 














286.9 M. ) G37 5K )0-4) 
Rg. m 
s* 
(b) For compressible Flow 
P 50 kPal abs) 
a /20 ke (46s) 
and from Fig. p.} we Rad 
Ma = 0.72 
Abo fam Fig. O/ we vead 
V. = 0.84 
o 
Ana Thus 
T 2(0.4 )(373K) = 332 K 
Thus , 






V = Maj RTR -(e78) |[286.9 n.m \(332 KX1-4) 





4s. K di Z 

Rg, m 

ana gà 
y= 295 m 
— gg 








Ii FZ: 
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11.40 The stagnation pressure indicated by a 
Pitot tube mounted on an airplane in flight is 45 
kPa (abs). If the aircraft is cruising in standard 
atmosphere at an altitude of 10,000 m, determine 
the speed and Mach number involved. 


For 1/0, 000 m standard atmosphere We ger tron Table C.2 


26.50 kha Cabs) 


PF = 
and 
T = Z23./K 
Thus 
P . 26.50 Rf (abs) 2 0.59 
c 45 hn (46s) 


and Zn Fg. D./| we read 






286.9 ^"^ V 223.1 Yr.) 
kg- K ( ^ 2 


RG. m 
7 za 


Thus 
y = (Ma)c = Ma |/RT fe = (094 ) 


V- 267 m 
Ss 


a 
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*11.42 An ideal gas enters subsonically and flows isentropically 
through a choked converging-diverging duct having a circular 
cross-sectional area A that varies with axial distance from the 
throat, x, according to the formula 


A-2014 


where À is in square feet and x is in feet. For this flow situation, 
sketch the side view of the duct and graph the variation of Mach 
number, static temperature to stagnation temperature ratio, T/To, 
and static pressure to stagnation pressure ratio, p/po, through the 
duct from x = —0.6 ft to x = +0.6 ft. Also show the possible 
fluid states at x = —0.6 ft, Oft, and +0.6 ft using temperature - 
entropy coordinates. Consider the gas as being helium (use 
0.051 = Ma s 5.193). Sketch on your pressure variation graph 
the nonisentropic paths that would occur with over- and under- 
expanded duct exit flows (see Video V11.6) and explain when 


m S i they will occur. When will isentropic supersonic duct exit flow 
This is like Example 118. : Bie poen 





occur? 

S ince n 

A e Mr 
and 

A = 0.4 T x? 
then 

p. al +x? (1) 

Tr 


With Eg.} we can determme r values corresponding to values of 
X. The are Summarized in the graph and tables 
duct is choked, 


A*= 01 fi* 
and 

Asie xU (2) 

A" 0.1 | 
With 6.2 we can deitrmine 5 Values Covvesponding w Values of x. 
These 4 Values are tabylatd 


Foy helium we enter program ISE€NIKOP with R=466 and with 
Ma. values within the range specified in the problem statement and 


obtain values of ^ (£9.71). X ( €. 2), T (eg.11-56) and 
To 
£ ( £g. 1.59). These values are tabulakx and graphed on 


pages that Allow. 


(con't ) 


‘Nn $9 





"n. 42 Con't ) 
From program ISENTROP with = 1.66 
y E3. 2 poo —X 
Ma = x(f1) £ P 
A To P 
subsdnic solution i 
0,0 51 11.06 71.00 0.99914 0.79794 
0.0 76 7.93 t 0.20 0.99809 0.99522 
o 4 23 462 + 0.60 0.99503 0.99 755 
223 2.61 f 0.40 0.98385 0.95929 
0.460 1-40 70.20 0.93473 0.84336 
/,00 1.00 O 0.75188 0.489 08 
Superson € solution 
1855 1:40 0.20 0.46827 0. 14833 
2.778 2.60 0.40 6.28195 0. 04141 
3.647 4.60 0.60 0.18556 O, 014-46 
4-442 740 0.20 0.13222. 0.00624 
5.193 11.0 1.00 0.joloz 0.00313 
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of static pressure To stagnation pressure ratio 


fov helium 
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Temperature entropy diagram +w helium 
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Over- and under-expanded duct exit flows will occur on 
approximate paths sketched on the magnified pressure variation 
graph below when the ambient pressure of the surroundings into 
which the duct is discharging is respectively greater than and less 
than the flowing fluid pressure at the duct exit.This illustrates how 
the flow adjusts to these pressure differences through oblique 
shock waves that involve irreversible and thus non-isentropic 
flows. When these two pressures are equal, the flow 1s “ideally 
expanded” and the flow into the immediate surroundings 1s nearly 
isentropic. 





over- expanded 
NN e ideal ly-€x pa n ded 
| under. expanded 
o 
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1.43 


*11.43 An ideal gas enters supersonically and flows isentropi- 
cally through the choked converging-diverging duct described 
in Problem 11.42. Graph the variation of Ma, T/Tọ, and P/Po 
from the entrance to the exit sections of the duct for helium 
(use 0.051 = Ma = 5.193). Show the possible fluid states at 
x= —0.6ft, Oft, and +0.6ft using temperature—entropy 
coordinates. Sketch on your pressure variation graph the nonisen- 
tropic paths that would occur with over- and underexpanded duct 
exit flows (see Video V11.6) and explain when they will occur. 
When will isentropic supersonic duct exit flow occur? 


This Is 
This problem 
flow enters 
of problem li 
supersonic enteving tow. 


Similar To Example 1.9. 

involves the duet of froblem I^. . However the 
sypersonically. We can use values from the tables 
with « little rearrangement to account fo the 


Fov helium we have 
From Provan Isenterop wilh R= 1.66 
i Eg. of “39 V 
Ma A x (Ft) L R stale 
A* To P 
Supersonic Solution 
5.193 11.0 -[.00 0, 1010 0.00313 Q 
4.348 7.4 — 0.30 0.13282 0.00624 
3.64? 4.6 — 0.60 0.18556 0.01446 
2.178 2.6 - 0.40 0.28195 0.044! 
1.855 1.4 - 0.20 0.463827 0.14833 
1.0 1.0 O 0.15188 0.48803 b 
1.955 I4 0-20 0.4691 0.14833 
2-778 2-6 oto 0.2914S 0.0141 
3.647 4.6 0.60 0.16556 0- eju 
44.449 7.4 0.80 0.13282 0.00624 
5.193 I0 |.00 0.1010 L 0.00313 c 
Subsonic Solutiory 
0.460 1-40 0.20 0, 93473 0.94336 
0.223 2.6) 0.40 0.98385 0-95989 
0-123 UEL 0-60 0.23503 0.98755 
0.076 7.43 0.80 0.99.3 04 0.99522 
0.051 11.06 |. 00 0.33914 0.99794 d 
(Con't ? 
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Over- and under-expanded duct exit flows will occur on 
approximate paths sketched on the magnified pressure variation 
graph below when the ambient pressure of the surroundings into 
which the duct is discharging is respectively greater than and less 
than the flowing fluid pressure at the duct exit.This illustrates how 
the flow adjusts to these pressure differences through oblique 
shock waves that involve irreversible and thus non-isentropic 
flows. When these two pressures are equal, the flow is “ideally 
expanded” and the flow into the immediate surroundings is nearly 
isentropic. 


over-expanded 
pe ant ly-expa n ded 
under - expanded 
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11.44 An ideal gas flows subsonically and isentropically through 
the converging—diverging duct described in Problem 11.42. Graph 
the variation of Ma, T/T, and p/p, from the entrance to the exit 
sections of the duct for air. The value of p/p is 0.6708 at x = 0 ft. 
Sketch important states on a T-s diagram. 


This is like Example !.10. 


| ) * 
Since E= 0.6708 at x=0 is qveater than E = 0.5283 fov ar 


the amr flow through the converging- diverging 
duct 15 not choked. Foy values of A at different values of x we 


obtain covvespondirg values of Ma, f ana P. 
fo 


(a) Foy a» we enter Fig, p.! with values of 5 fo get Ma, © 
7 


and £c For A* we use 


o 





e£. A 
A = A) 
AY " 
Evaluated at X20 wheye A= 0.1 ft. We delkrmine A at x-o 
A* 
from Fig. D.I for the subsonic flow value of E = 0.6708 
e 
we get 
A = LOS and thus 
A* E 
4". GF =n odas P" 
1.05 
We then defer mine the 5 Variahion through the duct w: Jt. 
A - x^ 0.1 zs x? 1- 0. | (1) 
A* A* 0.095 
Ihe covresponding values of A , Ma, i xt £. tom 
o B 


X 
Fig.D.¢ ave also fabulattd on the mos page - 


(Con't ) 


WATS 





(con't ) 
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Variation of static pressure to stagnation pressure ratio 
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diagram for air 


11.45 An ideal gas is to flow isentropically from a large tank 
where the air is maintained at a temperature and pressure of 59 °F 
and 80 psia to standard atmospheric discharge conditions, Describe 
in general terms the kind of duct involved and determine the duct 
exit Mach number and velocity in ft/s if the gas is air. 


To determine the duct exit Mach number, Ma, ;p » We use 
Eg-l-59 or for Air , Fig. D.;j. Thus, 


(1) 





MOA, a, 
Ov fw arr 
Ma = Fig. DJ Value as a funchon of Lexi + (2) 


exjt I 
To determine exit velocity | LR j We Ase 


Vex) } E (Mag yp ) p^ PAE e ord. A Lak R (37) 
h 
W y^ p 7 
exi ee, Se 
has ; (4 
, *( z )Ma,, 2 
or fr air 
= Teri À 
7, ( fe Value trim Fig. D.I F Ma s] (5) 


Fexit _ 142 psia 
f G0 psia 
and thus tom Frog. D.I, the Corresponding values are 


= 0.1838 


Má uit = 
A nel 

Jexit- , 062 

ti 


1.45 | (con't) 


Then with &g.5 we obtain 
TRE. (519°R) (0.62 J = 322% 
and with E3. 3 we cumclude that 


Lu, "032 / (176 ftn ean NA pg fi 
Slug. W = y 
d 5/49. ae) 


A converging - diverging Nozzle 1s vegui red because lhe exif 
flow is supersonic. 
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il 46 11.46 An ideal gas flows isentropically through a converging— 
diverging nozzle. At a section in the converging portion of the noz- 
zle, A, = 0.1 m?, p, = 600 kPa(abs), T, = 20°C, and Ma, = 0.6. 
For section (2) in the diverging part of the nozzle, determine Az, p;, 
and T, if Ma, = 3.0 and the gas is air. 


To determine A, we use £g.t.7)1. or fov arr, Fig. "di Tas, 
tl 


A ) ES [ it (% ) Ma T 

^ A* Ma ( (hz 

ne a B, m IE nr) Tf qu) 
A, aL 1+ (Act) Ma” | Xk- 

) LES 

(Fig. D! value of 2 for Ma, ) 


A, i j= (2) 
(Fig. D.1 value f Ay dw Ma,» 
AY 








To determae Ff use €9. 1 59 or W^ Gir, Fig- D. |. Thus, 
A SES] È 
p = a Po / + [pel n) 
^ A Ma, ZIRT 
; [7 -/ 
Ov for AIr, J 
: 5 
p= ^ D.! value of Z* fw m (4) 
L 
( Pig D. vale of á for Ma) 


To determine Ce: We use Eg. fi. E oy tor alr, Fig. Df, Jhus, 


















A L 
L.ríg.:rm [ré] (3) 
f^ B = 
7 CHER ET 
=) [77587 ] 
Ov fw am 
—— (Eia. D. 4 value of > fw ond (6) 
" l eee TALES EM DET E aS 
54.2 leads to (Fig D.{ vale of 7 abii: 
A, = (Olm?) *3 5 2 = 0.36 n* 
£q.4 leads to (4-2 ) 
, l 
= [ 600 kh (abe )] a = 23 hfhelabs) 
E pera 
and &%.6 Gives 
r -Gorj (36 ? _ ze 
(243  ) Miis 


1-47 
| | 
11.47 Upstream of the throat of an isentropic converging- 
diverging nozzle at section (1), V, = 150 m/s, p, = 100 kPa(abs), 
and T, — 20 *C. If the discharge flow is supersonic and the throat 
area is 0.1 m^, determine the mass flowrate in kg/s for the flow 
of air. 


We  delermine the Mach number at section(s) wilh 


Ma, = A = pu CAM (1) 
S RT, h 
For the gas involved itis likely that Ma, is less than 1.0 


because v, is low. Thus, the flow at the Throaf is choked smee 
the €nleving How is subsonic and the leaving flow is supersonic, tor 
mass flowrak we use Eg. "0 to obtamn 

e , d 

m = p Ary" (2) 
For throat velocity, V* we use 


aa | KT" (3) 


To obtein T' we use Eg. 63. Thos, 


x 2 
E. Fr, " 
or fer air, 
"aid = 7 ( value of T Lren F79. 0.1 ta Ma =/.0 ) (5) 
2 ^ 


ð 


Jo determine A we use £s . 56. Thus, 


z= 7 [ir ED] (6) 


or ter ar 


P alm 
(Value of T fom Fig. p-1 fee Ma, ) (7) 


(Cén't) 


1 YA 


——M— 


(m (con't ) 


To determine. o* we use the ideal 945 equation of state (E3 .11-1). Thus, 


x 
K* = J£ 
prs E, (e) 
For p" we use Eg. 11.61. Thus 
p* = p ( 2 Py 
o > Ret Q) 
or tor alr, 


p* = P, (value of £T trom Fio. D. / Ts Ma CD) (/ 0) 


for p we use Eg. ($9. Chus 


A 
S &-/ 
£ = P [i+ (5) ma? | (11) 
or fa kir 
7 F, 
fo = 2) 
(value of E fro Ag. Dt fo Ma, ) 


F, 
(a) For fir we use €2.! to oblim 


Ma = (oF)  — = 0.7322 


286.9 Nm 
( izt ) 





(24344 JU. 4) 
/ ^ 
CE m ) 
Thus the How 15 choked at he throat. Foam £3. 7 MC ob Mi, Y» 
corresponding value n FH. for Ma, = 0.44% 
c 
7 = Se z= 730S K 


e 
(0.26 ) 
Wilh £. $ we obtain 


P" = (305 £) 00.3333) = 254 k 





| 








Ihu s 
~ eo 
( hye) 
(con't) 


1- GO) 


(cone) 
From Eg.i} we Obtain with the help of Fig. 0.) 


gs 100 Ra (abs) 
o XAR 2/5 R& Cabs) 


and with e$. /O 


p* = J115 kta lebs) ] (0.52828) 


= 60.8 kr aes) 
then with to. 8 


x _ (608 xio” & 
id z (6o xt vl) o = 6.93 t; 
(286.9 wm fas RK) di 


Finatly , wilh Es. ky Ob In 


m z= 83 ky 2 
G Z)('7 D319 z) - 24.5 F 
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11.48 The flow blockage associated with the 
use of an intrusive probe can be important. De- 
termine the percentage increase in section veloc- 
itv corresponding to a 0.596 reduction in flow area 
due to probe blockage for air flow if the section 
area is 1.0 m, 7, = 20°C, and the unbiocked 
flow Mach numbers are (a) Ma = 0.2; (b) Ma = 
0.8: (c) Ma = 1.5: (d) Ma = 3.0. 


We want to ascertain 


V, = M abide 
ee OE. 106 


Vinblocked 
To deterymme the unblocked avea velocity, Vnblocked ) we use 


= R 
an blocked M blocked e ETT (1) 
For anpdiockest E a , 
= Bt VW fron EQ. [196 ty M ,) @ 
danbilscbusl 3 ( s a aisg 1 S 


Jo delymmne the blotlud awe velocity , v, lockad ) "© Uh 


Volockoct ~“ e ng JJK n. (3) 


For MA locket we use A blocked and dekymine 
K 


Mj Tw EF. UH 


Solapior, oF 
Eg. 14-72 for Mag; Loe! frm Ablocked reu ires trial and error. 
X 


A 
Jo determine ‘Ablaked we set 





A* 
Ablecked _ 0, 995 Aanblocked (4) 
A* K 
We obtain Aunbleced from Eq. it?! witt the gien Valhe of Ma „> | 
ae | un blocked 
Jo delymine P we use Eg. 11.56 Yo obfair 
ea > 7r (5) 
4 = - — - 
^ * (1) Ma, red 
(Con j 


[l= 52 


//. FE (con't) 


(Q) For Mn ing 0.2 we cbt, wilt EGS 2 and 1.56 
= .99 20 = 0. 

ities (2434 ) (2.99206) = 290.7 K 
Then with €9-¢ we have 





(286. 7 eller or aaa 








63-34 2 
We use oes. % and ].-7/ 4» get Cg Ty 
A blocked 
- 96395 2.949 
r = (0.995 ) (2.9635) 
ane wilh Eg. |^ ?/ we obin 
in, = 0.20/ 
Wi fh €$- 5 we get 
"dar C LE = 27066 
dir da //0. 201 " 
Wi M te we have * / ) 
= (e. 256.9 = 
and ^ 7 Ke: =) 
Mela T E E vay (ezere - a3 Pied ae jn 
ae ae 68.24 2 
(b) Fr Ma 2 6.8 We obtam with E9S2 and [1-56 
een = (293 k (0.88652) _ 2578 K 
Then with &%./ we sef 
i 


dba * 08 [lates o) esae iri = 254 m 
we use Egs% and 11:7 py S 

Ablocked (o, 995 )(1.93823) T 
LO Eg. !L2/ wet obtam 


Wiz £g. = we get 


= /.033 


y = _273 k = 2538K 
Olecka / aies 4-1 Xe sy 


(con't) 
/-593 


[nyg ] lænt) — 


With Eg. 3 we have 








A = (0.3/3) 
and 
(Vey ^ olas. x 100 = (262.1 = = 258.4% 2 ) (100) =h42 % 
ui (2559.9 2 mE 


(C) For Ma - f$ we dbfan wilt, 5.2 and 11.56 


J ry = (293 4) (0-665) = 221Z 


Then with €y./ we get 


= (1-5). /(28.9 "^" Y (202.1 9) 
P C ) ( ke kK OS i C A. = rcm 





We use €3ií^7 and //-7; H get Pr m 
uisa = (0.995 0 11252.) = A17 
A 
and with Cg. 11.7) we Obh 
M = 1.49 
Nb locked / / 
W i th Eg, S we set 
7; = WI = 207 BE. 
f (+ (191 1 yp) 
W^ ej. 3 We have 
Kropa = HD | (286.9 $1) 224 KL). doin 
Zz 
ana * Ág t2) 


V - 
( blocked ~ “unblocked ) x/o0 . (129.5 € - 427.4 2 Jj?) --0447 


AERE 127.4 + 
(d) For Ma =3-0 we Obla wilh Eg 2 anol 11.56 
oni us = (2434 )( 0-35 714) = /46 L 
Then wilh Eg. ! we gef 


CENE Ga) (2562 z QOLSIN < emar 


1 & Ss 
eas 
s+ 


(con't) 


11-5 4 


U48] (Cont) 


We use EQ ¥ and 1.71 

A 

blocked — 

ze - (0.995 )( 4.2346) = 4.213 
and with Eg. 11.71 we sbtam 


M 
E = m E. 225 
Wilt Eg. 5 wpe get 
F - 2 
blockad Lid Š 109.9 
— => [0v TE 


/ + (4-1) A 
| nns i Qd. 5 
Wilh Eg. 9 we have g j / 


y - G | 
beia? 2.975 ) (286.1 Nm 

( fi Morena?» ane g 

F 


P E. 
s. z) 
UL os ¥ ii 
eckeot onan) X i00 = (614.9 Q* ai 64 wn 
16143 F c EN FE Nite) = 0,063 % 
EN Ò 


(614.9 m) 





and 


v 
unblocked 
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11.49 (See Fluidsin the News article titled “Rocket nozzles,” Sec- 
won 11.4.2.) Comment on the practical limits of area ratio for the 
diverging portion of a converging—diverging nozzle designed to 
achieve supersonic exit flow. 


From Fig. D./ we see that the A /A* vs. Ma curve becomes 
Very steep with increasing values of Ma (very large Increase in 
A/A* needed +o achieve even small gains tn Ma /eve/) 
Suggesting precttca/ limits to area divergence rahó 

ys cheat devices. Fe exanyle, using £5. 1-74, the 


A/A* divergence ratio needed fr Ma - 5 is 345 / 


14-56 


wot | 


11.51 An ideal gas enters [section (1)] an insulated, constant cross- 
sectional area duct with the following properties: 


T, = 293K 
Po = 101 kPa(abs) 
Ma, = 0.2 


For Fanno flow, determine corresponding values of fluid tempera- 
ture and entropy change for various levels of pressure and plot the 
Fanno line 1f the gas is helium. 


This is Similar To Example 414. For Fanno fow of an 
ideal gas we use EGS. 11.795 and 11.76 y» establish the 
Fanno fine states. Thus, 


T oP. — ore = 7, (1) 
ana 7 A) 
Seg ee G In(Z ) - eee) (2) 


As mm 
For helum ,@=2 1.66 Gna R= 2077 wm ((Tab/e ^?) and G y seer Ee 


from Probie 17.1). We dedenna Kne constant value of 


pv by calculating 2, with the ideal gas Gguation of shak (€3 .3) 
ana V, wilh &. F. For T, we ase Ef. U.56 Jo obfain 


(297K) 








2t. To : = DGULETRYTARTOÓNONUN = 2822K 
PODES) Ma, | / + (16 -! No.2) 
Then, wilh Eg. * we obfam 
or [Gor wm yore Us) = mop 
For p,we use Eg. 1-59 fo qet s* 1.66 
i 





1.66- 
- RT MENS. a d 
h * S Pigs my) = fio kreas] | 66-1 Yo. zi dies 


and with E$.3 we obtain 


a (97-72 x10" mn = 0.4627 fj 
/ 2077 5 ” 655. 2K) m? 

Th p value P» VoM 
uf e u P 32.49 k 


627 a (979-7 m= 2 
= O £ 2 X P td) »T 





Il-5 7 


con) 


E f T becomes ty Aeliuns 
P. 7 à / ^ 
ra (32.4922 y (^. 

t P, 29. — = 2927 





2 ($224 = ) p> 
^: 2077 zu] 
Ov 
Wu T? 

Where T i$ in K č and p is im x. 
Mm > 

Eq.2 6Ccames fev helium 

S =F = (Faas A M. z ) mT -(2077 Mm YA | | (7) 
227.2 45. kK ) 47.72 di 


Wheve T js th E ane pis ih Ra). 
With EGS. G and 7 we comshuct the tabl of values Shawn below. 


P [Rf tabs) ] T CK) sss Boag ) 
70 286 630 
60 223 455 
50 279 1 Z21O 
40 273 1550 
30 260 1400 
25 250 2060 
zo 234 2179 
Ig 225 2200 
/5 2:04 Zi1$? 
/O 1649 (923 
20 v 147 1650 








1500 2000 


O 500 000 


[752] - 


11.52 For Fanno flow, prove that 
dV — fk(Ma?/2)(dx/D) 
V. 1-Mxz 


and in so doing show that when the flow is sub- 
sonic, friction accelerates the fluid, and when the 
flow is supersonic, friction decelerates the fluid. 


Starting with Eg. ff. 95 we have 


t (irka) WI Sa) V £k autdy 2g qu) 
v? Ma? - 2 


From Eg. 1,13 we have 


dima?) . IYS a + (4-1) ma | (2) 
Ma > y? 2 
Combining EgS, / and 2 we 06 tain / 


(mf) T - f! + (k=) ma? / 2e £4 Madr = 0 (3) 


2 
or 


$ (Mai) bd ṣ Zi Ma? dx 


y> D 
and 
d(v*) = Ma* FER dx (4) 
ye ( Ma? 1 ) D 
Nowe ver 
div?) = avay (5) 


Pw ; combining Egs. Z and5 we get 
JV . ERCE) E) 
, /- Ma’ (9) 
When the flow is subsonic ( Mac«i0)  Ey.é leads to Pi = + And fhus 
trichon scceleyaks the Slaid. On Ihe olte hand when phe Haw 


ÍS supersonic Ma > l0), Eg. 6 leads 7o dV. _ and m Ihir Case 
d 
Pichon decelerafes the laid. 


/-- 27 
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11.53 Standard atmospheric air (T; = 59 °F, 
Py = 14.7 psia) is drawn steadily through a fric- 
tionless and adiabatic converging nozzle into an 
adiabatic, constant cross section area duct. The 
duct is 10 ft long and has an inside diameter of 
0.5 ft. The average friction factor for the duct 
may be estimated as being equal to 0.03. What 
is the maximum mass flowrate in slugs/s through 
the duct? For this maximum flowrate determine 


This js Similar yo Example 


12, AS explained m Example 11.12 


| the values of static temperature, static pressure, 
| stagnation temperature, stagnation pressure. and 


velocity at the inlet [section (1)] and exit [section 
(2)] of the constant area duct. Sketch a temper- 
ature-entropy diagram for this flow. 


/ 


The wmaxj;mum  Xfowrare throug the auch will occur when the 


Constant area duct chokes 
exif / sechon laj] is Lo. 
Wt rh 


m= A4V,=AMY, 


We note that T 


the fow is adiabatic. Thu 5, 


constant in the converg ing 
cons tant area duct because 


foy choked flow 


f (4,-2£,) = 
D O.S fr 


and from Fig.D.2 


Wwe Can read values of Ma, , 


aT 


l= g^ Can be dQéfaneM with Ez, 


ARM ý 


ana 3 Ta 


y" = RTR = 





(0.03) (10 f?) 








fee 


and the Mach number alt the ouct 


The paxc/mum How rale can be obsfaied 


1) 


2 is Constant throughout The entre flow Since 
2,2 la 0 5/2*&. Abo, P, is 
noge but decreases Through The 
of fichon. Thus, R 


LIS /9. 7 pria. 


= O6 u= Te ge ae 
D 





7; V 
re) peo ded fy, Then 


x 
/^63 Since d ds A MP NT Thus 


A ye 7) = #32 R= L 
2 Gn be dAthymined with 


(1716 2 ms. Pb 432% 11-4) ^g (7. 4) 








(7 Te a ) 


Slug, 


(con't) 


H- £0 





71.53). Cont) 


» 
For FUH- J = 2.6 , from Fig. Bez. Wwe vead 
D 





| Ma, = 0.57 
n = 4.43 C2) 
a, = 0,6 (3) 
S = (86 (4) 
z =~ DRE (5) 


Prom €4.2 we get 
T = (113 X43LR) = 48ER 
With E3.3 we obtain 


= (4. +) = 6/2 tt 
V = (0.8 )( 1020 ft) Le i 


With £4. $ wc have 


# 
i B. * LL n Je a 12 psia 
/.22 /.22. — 


fo de fer mine P, we enker Fig. D./ wilh Ma, = OS? and read 


/ 


P = 9.3 
C i 
p= 0.8 47 psia) = hg psia 


with &$.4 we obtain 








p* uL x 5 = LC siue = 6.34 psia 
/- £6 /. 66 
With &g./ we have = v, 
5 -gAv- £ TV = (tesa Xt 7: IERRA DE, 0.2 
Po =ittpsia "^T, 4 = 
500 f= 579°% ( laa eg TEUS £27 fi 
i Re Slag. e rn 
MLS pra 
imo R= ipsa ^ A. g* 6.39 psic =p* 
^ 
Fanno TI 432°R 7 f" 
igne sketch — $ 
uoo (not Jo $«ale ) 7 
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11.54 The upstream pressure of a Fanno flow venting to the at- 
, mosphere is increased until the flow chokes, What will happen to 
| the flowrate when the upstream pressure is further increased? 


hanno tlw 


PV = a Mal[RT A = constant 


one axial J/ocation 


Also at > 
ea 
15 s ] 2 
tak (f: ) Ma 
Conds sima we ge f 
ys 4E. Ma. PIR k = constan? 
6 R[R lesa 
It = ma" 


So for any one axial locatinn of the fiw where The 


Ma level ig the "t 7A /5 also the Jane but 


P is higher | Thus ev às abu higher T 
conclude that ereas ng The imel PSS ure of a choked Fanno 


flows th YO Tha ktm st yhere. vetu ly; j|) an Increase of Ip vale dito, 


Following The prouduy gf Example Iil one tated 
plot G Series af Fanno liner fC diff. Ver of 


Boreas! mbet pressure . 


/f~62. 


11.55 


11.55 The duct in Problem 11.53 is shortened by 50%. The duct 
discharge pressure is maintained at the choked flow value determined 
in Problem 11.53. Determine the change in mass flowrate through 
the duct associated with the 50% reduction in length. The average 
friction factor remains constant at a value of 0.03. 


Ihis IS like Example /.!3. We guess that the shortened ras 
will still choke and check ?ur assumption by c omparing p, 


with p* Lf Py < P r the flow is choked. Lf nof, 
another asSumpfhion must be made. For choked flow we 


Calculate 
For unchoked flow, 


Or tn Thae solution of Problem 17.5 1. 
we must devise another Strategy, 
For choked flow 
Ff (4-4) | (003) (5072 az n f£ 4-4? 
^D Co.5 f7) D 
From F'9. 0.2 we read 





Ma, = 0.66 

E x 7M (1) 
7 * 

M = 0.7 (2) 
ut 

A 1.6 

m^ 4 (3) 


With Ma, = 2. 66, Wwe ener Fig. D./ and read 
FÉ, = 06.25 


Thus | 
EZ =(0.75 )( M. 7 psia) wz M A^ 
(Con'é) 


N- 63 


/455 | (con't) 


and with €%-3 we obtain 


Dia. | 
P = Z = E = AL NE tio = 668 [7514 
1.6 1-6 
Since 
A =6-SG pia. > P, = 6.34 pia 


The flow is | Chekeg a5 assumed. 






7 = A can be obtaifed with &g./1.63 since T, is constant. Thus 
r" o. E) e p= (S19G°R) = ¥72°R =Z 
£r 4 +1 
and Wea V cam de deerme will. 
ae x E fft. / 
V=“ RT" LL und Ken Zum = /020 tt 
o (+ s 


slus, LE) 
Wi th £3. / we ^ave 


_ y A LE 
7 zz 75 Wo. (634 pm (ie Dm ya FFe)fiozo ff) 
: a ¥ (/ 7/6 4) 


EL. 732 ^) 





OY 
S 
The Change in dass tHowrvale IS 
m -m 
$ ft s ft 0.268 Tul 0.244 pn 
—  nmÓ—— A X AD m s (/00)- 4 29, V 
m Lu 


to {t SEE (cd 


The mass Flowrak — "n Crtasecl by Q.9 2, when [he mbe was 
Sho lena 25 50. 
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11.56 If the same mass flowrate of air obtained in Problem 11.53 
is desired through the shortened duct of Problem 11.55, determine 


the back pressure, p», required. Assume f remains constant at a 
value of 0.03. 


This is Similar to Example liid. Since the Same mass 
flowrate achieved n Problem 14-51 is desired with the shoriened 
duct of Problem 1153, we need te achieve the value of Ma, 
Obtained in Problem 11.5/. Thus, for the Same value of Ma, as ih 
Provlts, I.5/ we have 


F 47-4 ) = 0-6 
D 





[owever 
£e) _ FPL) f0,-5) 
D e D 
Qv 
FETU) - oo ones) SI) . o2 
D o.S ft 
W^ £(£*-4,) = 0.3 we enter Fig. D2 ana read 
OD 
2, = /.6 (/ ) 


The value of A~ ikuna? (n Problem 11.53 is shti valid, 50 
p“ = e 48 Po 
and with Ey. 4 we get 


B (68€ (628 psia) = Ul psia 


1-65 
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11.57 Ifthe average friction factor of the duct 
of Example 11.12 is changed to (a) 0.01 or (b) 
0.03, determine the maximum mass flowrate of 
air through the duct associated with each new 
friction factor and compare with the maximum 
mass flowrate value of Example 11.12. 


(a) for f=0.0!1 we have 


Fre) _ (0.01)m) 
D (C. / m) 
and O^ Fig. D.2 we redd 


o. Z 


Ma, = aT (1) 


rt = ahs (2) 


— = 073 


From Example 1.42 


77 =2¥Ok 
and 


y” = 3/0 


Thus, with Eg./ we get 


=(1 1 )(240K) = 264k 
and with E¢ 2 we obtain 


(0.73 )(310 m) = 226 = 
3 s 
To determine P we enter Fig. D-{ with Ma, 207 and read 


A | on 


Thus, 
p, = (0.72 lloi tta (abs)J = 72.7 Rf (abs) 
To determine the mass flowrate we use 
me pays B Toy 2 (72.70 fa) T COI RAF) = 1.7 f 
4 286.7 xm m Yea) 
(con't)? 
N-.66 


1.57 (con't) 


For f = 0.03 we bave 


f(4*-4) | (0032m) 1 56 
D s (Olm) 
Ond on Fig. D.2 we vead 





Ma = 0.57 
7^ Li //3 
T* 
V = 06 
p * 
Thus, 
T= (ag (240k) = 2718 
= - m 
V = (0.6 2370 7) = (86 m 


From Fig. D.1 we read for Ma, =057 


p= (09  ){ lor Ralabs)] = 9/&fa(abs) 


To determine m we use 


N T 
Ew or b s (a1 x10? X )® (0.1m) (146 2 ) -— 
RT, 4 ————————————- I 


(286.4 m 271K YD 
Rg, K 
The maximum (choked duct)  fiowrafer for different values of F ave 


= 420 f? 

f » 0.0! x 
m = 165 f3 
f= 0.02 Y 
In z 5/52 ky 
Y = 0.03 S 
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11.58 Air flows adiabatically between two sections in a constant n : 
area pipe. At upstream section (1), py, = 100 psia, Tg, = 600 °R, constan sai MEE 
and Ma, = 0.5. At downstream section (2), the flow is choked. Es- SON EAS 
timate the magnitude of the force per unit cross-sectional area ex- == Ssn 
erted by the inside wall of the pipe on the fluid between sections j 
(1) and (2). 






flow fvem(1) to (2) 


The control volume sketched above is used. Applying the Axial 
component of the linear momentum equation (69.5.22) to the 
contents of this conto) volume we get tor the force exerfed by The 
pipe wall on the fluid, Rx, 
R= BA-pA + m(wv- 
Or 


E 2 L-RAt AMA) (i) 
lhus we need f, p, o, v, and v, 
(a) For air we enter Fig. D.) with Ma, - 2.5 and ger 





l-a 0.95 
To , 
and 
Ê 1 0.84 
fe, 
Thus : 
= (0.95 (500R) = 570"e 
ia 
= (0.8¢ )(10opsin) > $7 psia 
+. 
Ma|/&zt& = @5) fine f ma eS 535 tt 
Slug. R (" lb 
E [2 
_ P (f4 psia (144 m. s deen Pe 
T, (1716 7 G le — ) 
"end 


11-€8 


At sechon (2) the flow is choked. Thus we use the x state of the 
Fanno tlw, Fig. 0-2 fy sechon (2). entering Fig. D.L with MG =0.5 


we read 
Ê 22/4 = f 
p* 5 
and 
LA = 0.55 = 5 
y* V. 
Thus " í | 
P = ARM 84.2 psia ) 34. 4 psia 
Z-/ (2.14 ) 
and 
MEM (s26 tf ff 
A = MEE. ^ = (5% # ) 5 -—3 
0.54 (0-54 ) 


Now wilh, Eg. | we have 
7 =(84 poa (prt imr) - (31.4 psia (144 ry 

/ 
t(o 0124 Ps ) (545 ff Gps ft_ 1080 Jd e 7 ) 
s> 


ând 
Kx . 2930 h 
A — 2 
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11.59 Cite an example of an actual! subsonic flow of practical im- 
portance that may be approximated with a Rayleigh flow. 


jhe flow throug ^ the cornbustor of a gas tar bine 
engine is sometimes a foro X iva ted with a Ka leigh 
flow. 


H.60 | 


11.60 Standard atmospheric air [T; = 288 K, 
Po = 101 kPa (abs)] is drawn steadily through an 
isentropic converging nozzle into a frictionless and 
diabatic (g = 500 kJ/kg) constant cross section 
area duct. For maximum flow determine the val- 
ues of static temperature, static pressure, stag- 
nation temperature, stagnation pressure, and flow 
velocity at the inlet [section (1)] and exit [section 
(2)] of the constant area duct. Sketch a temper- 
ature—entropy diagram for this flow. 


For maximum tow, the Rayleigh flow is choked. lor the jsenhmyic 


nozzle 
T = T = 288 E 


8 
o 








P = p = 101 Rha (abs) 


2, O 
Jo detevmine the static state at fhe nozzle exi? Raylergh thw inet 
we need the value of Ma,. To dekrmire Ma we use 


he 2 ^, , = 7 > C O7 Li) 


QV M. m 
( $00 900 my / 


s 
4 
N 
N 
eq 
AX 
| 
v 
Go 
Ox 
Pas 


ne Gt 
P (100% Mm 


=, 


Rg. k 
and noting that fr choked flow , Z = Ga we get 


Liu Tyr _ 28K . 557 
lo 2 PA 786 K 
/ 
Wi th Ta, 1 - 027 we enfer F9- D.3 and read 
Io, a 
Ma = 9-31 
F = 2.l í) 
Fa. 
L. OY 2 (2) 
22 t 
É (Cont ) 


M- Fl 





VY. 90,2 
a (3) 
fe, = 419 (4) 
fas 
With £g. 4 we obtain 
= fF, _ (or RlaCabs) _ 34.9 kfa(abs)= p 
0,a ee m — M — po ——À— 0,2. 
1.19 1.19 
With Ma = 0.31 we read from  Fig.D., 
2 
-— = BIS 
5 id 
and 
7 
“ = 0.98 
A = 
With Eqs. $ and & we get 
P, = (0.94 JÅ 101 ele Cabs) | = 7S kha (abs) (7) 
Gnd 


7, = (0.784 )(288K) = 282K 
Thus 
V = 


Combining £37. / ond 7 we obtain 


kha (abs ) 
fa 7 uA = eee ] J = «4S 
2./ (ed ) 
Combining Eqs. Land l we have 
Lco. ERRAT 
e.* 2. (Cz ') 








Combining Egs. Zand 4 we have 


V, = LA " lo4 F 


= 520 ^" 
5 
0.2 


(cont) 
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YRT R = (o. | 286.9 Nm 
/ Ma, . f (0.31 ) (2 Ge )Ga2K (1 4) - joym 








ao) 
z 


kia (abs) = P, 


ta 


(9) 


N60 \(con't ) 


7o sketh a T-s diagram we obim S -s, ham 


$-$ = Gin B- A /n F 





2" 7 p 
8v 
ax dinde 95 ARAN. 
And 
53-5, = S090 Nm 
$9 K 
$00 
B, « S Mah) 
T(k) sketch of "e 
Rayleigh line » di 27 
600 ( not to scale ) imu. / 
400 
200 





N~FA 
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11.61 Air enters a 0.5-ft inside diameter duct with p, — 20 psia, 
T, = 80 °F, and V, = 200 ft/s. What frictionless heat addition rate 
in Btu/s is necessary for an exit gas temperature T; = 1500 °F? 
Determine p, V5, and Ma, also. 


To determine the heat transfer vale we use the energy uation 
(Eg. 5.62 ) +o get 


Ql net p (hr ^, ) ~ ^n Cp C P ) (1) 
in 
for mass flowrate we use 
2 a $ TR y (2) 
m ZA, Y RT, g / 
Jo determme T,, and T, we use £3./L.56 . thus, 
ri = E S 
To %- 2 (3) 
| 1 +(% =I) Ma 
or tor air 
T 2 f(Ma) jn Fig. D. I (44) 
ô 
To determine Ke we use 
= JA. FÉ 
RT 5 (BY / (5) 
Where with Eg. 1.123 foy Kayleigh Flow 
P. |t f 
la It k Ma? (€) 
Or tor ar 
P. f(Ma) m Fig. P3 (7) 


A 
For exit velocity ,V, , we use 


K = Man |/ RT, f (8) 


We determine Ma, with 
V 


(KT, f (Cont ) 


/t- 24 


(4) 





= 
D 
i 
NJS 
\ 





(con't) 


and we deferm)pne Ma, with 


zt) (0) 


and Eg. niz for Rayleigh tlw , namely 


T EIL. ] 
or for ar with 
I s f(Ma) on Fig .d3 (/2) 
E 
A 
For aw we determine Ma, Wi f£ Eg. 9. Thus, 
200 £g 
/ 
(1716 ft. ng) RS. "R (1-4) 
Slug. R 
gar 
For Ma 20.18 we read Oh Fig. D./ 
n 0.9? 
72 


Te T = SHOR . $957 


O ? " 
0.99 
0.18 we read Qh Fig- 6.3 the valnes 


With Ma, -< 
L 2217 
Ta 

ând 
f= 2.3 
fa 


Thus with E3. 10 we obtain 


(45x (nn ) = 062 


Ta 
Te S¥0R 


(con't) 


li- ?5 


1.61 | (con't) 


we get from Fig. D-3 


Fov p = 0.62 


a 








Ma, = 0*7? 
Qi e 
e = 196 
A 
With Ma, = 0.40 we read Qn Fig, D- 
h. a 547 
L. 
Thus 
Aum /160 = 2020 °R 
: 077 


Then with £E$.g we have 
B= nca) f jeu ) 217 pria 


Wi th 6g. we have 








z x /6 
Y= (0.40) / (17% VT e OD 1 gp ft 
[x p. ft ) ibo 
Wi tA Eg. 2 we get f> 
- 2 2 
; /2. ff 
(20 psia )( #4 E: J mT (6.5117) (200 T. 6/32 Slug 
= 


(1716 17.4 (540) (4) 
=e) 
and with &%./ we obtain 
Q , > (0.122 sha ) (6006 s (zok £95 R ) 10 Bh, 
het sg R/S " Pi 
ih (778 Ft.16 
Orn 
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11.6 Air enters a length of constant cross 
section area pipe with p, =200 kPa (abs), T, = 
500 K, and V, = 400 m/s. If 500 kJ/kg of energy 
is removed from the air by frictionless heat trans- 
fer between sections (1) and (2), determine p.. 
T., and V,. Sketch a temperature-entropy dia- 
gram for the flow between sections (1) and (2). 


Jo delermjne the state of the air at section(z) we use the 
energy eguation (€$.5.64) to calculate the value of ta Thus, 


G net = he 7 ^5, z SUL. Mrd 


in 





Or A " 
Lo Um td 7-989 TZ, (1) 
2 Cp Gs ? . 
We obiun T,, fom Te which we vead trom F19. OT with 
: Joi i | 
Q value of Ma,. We defe€rmine Ma, with 
_V, V, 
Ma = = = 


5 ere (2) 


Wilh Ma we also enter FI9.D.3 and read values of 


f LU LA and Tos. Then wc deter mine /o, with 
a a Sains Ae he 
/ / 


L, 
E (3) 


With This Value of lar we enker Fig. D.3 and read 

P 
he ) and V. Then Wwe, 
= 


Corres ponding values of 2) z 
q a 4 


determine 9. A and V With 
R= ANB) P, (4) 
^. "(Z)(£) ^ (s) 


Ut = [Me la) y (6) 
/ ENÉ) 


(con't) 
/- FF 





(con't) 


We use &%.2 * get 


Ma, = (og) — = 647 
(27 N - (500 k 1.4 
p JM 
hg. m 
s* 
For Ma = 6.89 we get from Fig. D. 
J afk 
UT 
Thus, 
a (Sook) _ "- 
0,4 
(ese ) 


and with  Egq./ we have 
e s n . fnm) + GOK = 82K 


(1004 = x) 


Kg. k ; 
W tt Ma, = = 089? we enkr F19.D.3 ano bead 


= 0,9 
and 
lava 
~' . 099 
a 
Now with lyr = 0.99 Gnd 69.2 we obfain 
Ioa 
^ - (BE (0.97 ) 204 
loa 579K 


(con't 


4-344 


(con't ) 


which has as corresponding values in FFG. D.3 Of 

Ma, = 5. [8 

pi z 23 

Ba 

h = 0.17 

a 

ana 
V - 0.07 
Va. 


With these rahos ana those rahos Corresponding to Mq, = 0.85 we use 
Gs. *, $ and6 to sbtain 


E -(2.3 je ) L200 tei] = 404 kia (abs) 





1,02 m 
and 
y= (HOM. QALLL Jeg) = 3/ m 
0.9 E dad: is shabtly aner than 
Note that according w our caleulahions, 7 =§32k AZ =K. 
" P 
Tais ìs not correct and js a result oF fhe accuracy 


associaletd with using the Graphs. 
For more precision we ascerlayn the value of Ma, Enowmg 
lo, > using Cg. I. I3. Firs? however, We determine lo, Know ng 


in L^ 


Ma, with Ez. 1/3... Thus, 


TL, = 2044) Ma,” ( 1t E Ma, >) _ 2 1.441)(0.893) fe (12-7! Yor} 








Toa (1 tf Rma’ ) [1 + (7. «)((0 mpl 
Ov 
To / fa] 
/ z , 9908 
Ga (con't) 


/1- 35 


62) (eon?) 


Now we use &. 1.66 to dekymme L . Thus 





To, ı 

2 ü —— ——————— » O. 86 2,4 

foi 1+ (R=!) Ma > (+(t 4-1) (0,993) 
(ind n 

LE (SK) | ore ey 

/ 0. 8624 0 £624 
Now with E-I we have 

lay F3 + 5771.8 K = 8? 74 K 

(oe 2 
^79, 


With €4.3 we obla 


at z » (tent ) (2.2108 = 0.17% 
7, £76. 


^ 
e, 


Wit Eg. 21.131 ana Lx = 0.1398 we gef 


a 
Ma, = 0.1776 


Then with E3. (l.12£ and Ma 2 0.23 and — we ger 


5. Be fates? ~ Lie MF) [1 4525 
fe. It & Ma * / +- (1-4 {0.843} 
áno 


T [Gral tath) = O1666 
7 + (1.420 0:776) 





(con't ) 


/- 80 


1. 62 (con't) 


Now with £4.69 we have 
EL = (0.1666) 9 Mu = SIV K 
1.0 26 
ana 
I= glk < T= 879K 


it Should be. 


AS 
For our 7-5 skert. we use E3. 1174 To calcalaje 2-5. Thus, 
mI o 6n h RR RÀ sll [n anw) 
and 4 P, 29. K $00 IE 
5-5 = -2030 7 — 296.9 3 s fanan 
R9. K s.c (20 1/4 (abs) 
P = 200 kfa(abs) 
(1) 
500 T = 900k 
doo i 
x Rayleigh line 
300 
T(K) Pe 404 fifa (abs 
d á 





| 


11.62 Describe what happens to a Fanno flow when heat trans- 
| fer is allowed to occur. Is this the same as a Rayleigh flow with 
friction considered? 


One way 70 respond fo this probkn, State ment js Jo Consider 
what the path of these flows Would fook like on temperature - 
entropy (T-S) corrd)'naks . otarhing with the subsonic povtians 
of Fig. 1-25 





S 
we can Show Fanno and Kayleigh flows. Another classical case 
described tn a- number of fluid mechanics fects js isothermal 
pipe Flow 4 constant ftwperetuve pipe flew wilh fiction and | 
heat traush,). This kind of flow appeximales what occurs in 
long undersroud pipelines. As Shawn m the Sketch above by the 
broken line the isothernal flow path is generally above the 
fanno fh path and below the K leigh flow path. We 
conclude that the path for Pipe flow wilh ficho and 
heating would be above he Fanno flew path anol the palh tov 
pipe Haw with Jie dior, and Cooling world be belw the 
Fanno flow pathy with fichon and flew rates cmstant. 
A Rayleigh flrs with fiction would track. below the 
Rayleigh flow pats shem other things egual. Fay leigh flows 
approxivnale flows wih hoat trouske over short path lengths 
over which Kichon Can be ignored 45 An appoximato ^ of y - 


I- 5 2. 
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11.65 The Mach number and stagnation pressure of air are 2.0 
and 200 kPa(abs) just upstream of a normal shock. Estimate the 
stagnation pressure loss across the shock. 


We want To detyrune the stagnation pressure loss across 
a normal shock, Ov 
- = |- fo y (1) 
2 loy "1 E. " 2» | 


Jo determine the Qu. pressure yaho we use £9 JJ. [5k 


Thus, É ms 
k- " /- & 
& [0n] "i Eme 
lo x ME)“ $i x (2) 
; Evi EJ 
or fov an^ 
A - f(Ma,) in Fig. DA. 
e,X 
Fev air(-t4)we. have fam Fig. 2.4 Tov Ma, = 2.0 
^Y. 472 
E. 
Thus, with €$.^ we obfam 
ls x hy = [2e kis (abs) ]( 1- 0.72 )= 56 kh 
2/ 
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11.66 The stagnation pressure ratio across a normal shock in an 
air flow is 0.6. Estimate the Mach number of the flow entering the: 
shock. 


Jo determine the Mach number of the air How 
entering Â normal shock, Ma, , given fhe Stagnahen 


pressure rafio, lar we enter Fig. D-4 wih 
fay 





and read on Fig. P9 
Ma, =2.29 


<< 


H-I 





11.67 Just upstream of a normal shock in an air flow, Ma = 3.0, 
T = 600°R, and p = 30 psia. Estimate values of Ma, To, T, po. p, 
and V downstream of the shock. 


To determine May knowing Ma, we use EG. IH 173. Thus, 





Ma, + zi) 
ov fev air we pies b D-4 fer M4, as a funchom of Ma, . 


To determine Gy we Use Eg. (56. Thus, 
J 


= (t+ [R-i a (2) 
ay * Sf APS J 

Ov fev air we use Fig. D.I for 2 Qs a tunchon of Ma, - 
Jo obtain T, we “se €9.10./5/. ay Thus , 


í) 





/ 
: te 
— D «(X2 ua? 1[ 2E ma-i] " 
y x ———— ———— — M € 
[etd jue Ma? 
. Pee j A " 
or fov alr we use Fig. D-4 - AS á tunchor of Mb, - 


For 5, we Use €9.2 of pee "m- fe gef 


Rt!) Mg? y 
ay 7 pf Eo J bb D J e " (4) 
[(-*) tx e| 


air we use etus D-4 fw fay as 4 Funchon of Ma, . 
Fx 
we use E.U.150 fo obtain 


for 
^ 
; = fx [GE ) hap - (E )/ (5) 
for Gir we use Fig, D. / fw z ds G Funchon of May : 
% 
e 


Jen (6) 
= ma, RT, R (con't) 








11.67 | (con't) 


For aly we read frm Fig. BY fo Ma, = 3.0 


Ma ~ 0.479 
y ————— 


(7) 


(*) 


SKA lee 
n 
N 
‘sJ 


SX 
x 


| 


(4) 


and we obtain fom Fig. D./ fn Ma, > 0.975 TA 


D 


- 096 (10 ) 


From €q.f we ge? 
T =(2.7 )((600'R) = lbw R 
and thus with Eq./0 





P = (10.3 )(30psia) = 309 psia 
and £4.39 yields 

£T -02 N03? psia) = 380 psia 
Then with C4. 6 we obfain 


V, = (6.«75 ) f (76 kd Y 20 9)/-*) 2227 FE 
Stug. T 


— 


s* 


u- 95 
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11.68 A total pressure probe like the one shown in Video V3.8 is 
inserted into a supersonic air flow. A shock wave fonns just up- 
stream of the impact hole. The probe measures a total pressure of 
500 kPa(abs). The stagnation temperature at the probe head is 500 K. 
The static pressure upstream of the shock is measured with a wall 


tap to be 100 kPa(abs). From these data, estimate the Mach num- 
ber and velocity of the flow. 


This is like Example. 11.19. 
We enjev Fxg. D.4 with 


fy _ Sof*h(^) = 5 


Fx /00 kPa (abs) 
and vead 
Ma, = 5 1 





We determine the Value of V, will 


(1) 
V, = Ma, [Rr R 


For T, we vead from Fig. D. l for May = 142 
T, _ o.5$ 
To, x 

and sinc 
TL Toy = 500 K 

we have 


r =(0.58 )S00K = 290 K 
X 


and with E3. / we. obfain 






(256-7 Mem X908 (r7 - £48 


^g. k K M. 
Re. x 
Iz 
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11.69 The Pitot tube on a supersonic aircraft (see Video V3.8) 
cruising at an altitude of 30,000 ft senses a stagnation pressure of 
12 psia. If the atmosphere is considered standard, determine the 
airspeed and Mach number of the aircraft. A shock wave is pre- 
sent just upstream of the probe impact hole. 


At 30000 ft, we read from Table c.i fw Standare! atmosphere 


T = -¥793F = 4.2 "€ 











and 
p" 373psi4 
Thus 
A 
e _ 2p 4 
Re 4,373 Pila. 
and with this value of By Wwe read from 
Erg. D.4 fx 
Ma = 1.25 
4y == 
Thus, 
V = Ma || RTk = 1-25 (17% KO TET 
/ 
And v Slug. in tt) 
V, «e L250 tt 
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11.70 An aircraft cruises at a Mach number 
of 2.0 at an altitude of 15 km. Inlet air is decel- 
erated to a Mach number of 6.4 at the engine 
compressor inlet. A normal shock occurs in the 
inlet diffuser upstream of the compressor inlet at 
a section where the Mach number is 1.2. For 
isentropic diffusion, except across the shock, and 
for standard atmosphere determine the stagna- 
tion temperature and pressure of the air entering 
the engine compressor. 


The decelevatlon process in the inlet di fuser is assumed to be 
Adjabanc since we ave. considering isentrpic diffusion 
except across fhe Shoch. Thus 


% = cons tank 


= 7 
[f 2, LOMY inlet o, di tkuser mlet (1) 


To determine the diffuser ihlet stagunanen temperature we enter 
Fig. D.| with Ma = 2.0 and read 


7 
= = 65$ (2) 

At d$ de elevahon in standard atmosphere we read tm 

Table C.2. 


T 225x565 = 276.5 K 
Thus, wi th Eg s. land 2 Wwe obsain 


= Q/16.5K) 
lo com inlet = s diffi in ley- lass ) = XT K 


Jo determine the Stagnation pressure at the compressor mlet 


B 


Wwe use 


i lA 
TT 5* njet 
5 Comp inlet bit haee alet ( (5 le ‘ee db “ (3) 
b di user mke? lg x 


y 





Fov p fo dif lee jaded icm 





y - lo dithuser inlet 
o di Fuser inlet diffuser inlet (4) 
d'i Fuser in tet 
Where P = p t (5 km or P = /, enxe K M (abs 
diffuser inlet atm " di fliser intel- ) 
Table C.2. (con't ) 


it-87 


[7:78 ] (Cm = I 





Wwe obtain ld ifliuser miet trom Erg, D.] ter Ma = 2.0. 
E re diffuser nlet 
Thus fm, Fig, p.44 we la ve. 
77. EA /n lef 
LL i, (00,4 
P (5) 
e diffuser inlet 
Combining £45. 4 and § we obtain 
=  ^2uXI0^" ^ (abs) u 
A Alen Delos aa = 73,000 ae) 
(O43 ) 
Tov Ma, = 1.2, we read tm Fig. D-4 
^y . 0.49 
Bx 
Also, Jmce the Flows (f Ite Afra ic. CX cer ackpss the shock, 
fo, x -— 1-0 
[5 diffuser ile] 
aud 
fa, COMP wet = /|.O 
‘ay 


Thus, with Ez 3 we obfa in 
[e comp intet 193,00 K cabs) Jua 128 ho) = 92,000 Dabs) = 92 Mic) 
m> == y), t F— 


Jo delevmine the slate pressure at the compressa et we 





ente, Flo. Dl wilh Ma , = Ot and read 
Cop mier 
feam, inhet 
= 0.89? 

A Comp mlet 

Thus, 
- (094 LIL Rh(abs)] = 99 kfalabs) 
Corn) inlet = 


11-90 


11.7/ | Determine, for the air flow through the 
frictionless and adiabatic converging-diverging 
duct of Example 11.8, the ratio of duct exit pres- 
sure to duct inlet stagnation pressure that will 
result in a standing normalshock at: (a) x = 40.1 
m; (b) x = +0.2 m; (c) x = +0.4 m. How large 
is the stagnation pressure loss in each case? 


This is Similar to Example 1/. 20. 
(a)For a Standing normal shock qt x= 604m we note trom 
the Table of Example ^4 that 


Ma, = /37 
and 

Ox 
From FI9.0.4 for Ma, =/.37 we obtain 

Ma, = 0,75 
ana 

fy 

= = 0% 

0, x (2) 


Ma, = 0.75 
Ay 2 T (2) 
A* 


For X 2 £0./m, the rho of duct exit area Y» local ara 
(Ai 7A, ) /s 


O.I m? ; A 
Ay Com MINE  . v2 (4) 
Ay Om + (Qm). 


and HI £937. 3 and 9 we get 


42 
T = Ft : 3. = S 
A, ) ( (03-18) = 3 


a» 
«|o 
[| 
rales 
be ee 
A 


(con't) 


H-2] 


[4474 | (con't) 


W i M A. = 35 we Get thm Fig. D./ 


| AY 
Ma. = 0.17 
and 
LA = A = 098 
la fay 
Thus 
fa 2 F 
Ny A e (2. (£) -07 096 )= o3* 
o hx Gyl! Ry NN 


The loss i» Stagnation pressure Is 


ey Gs 5o t TA a) = Liovhla(abs)]('- 0.9% J-Y Ah 


49 0, X 
(b) ov & standing normal shock Qt K=+0.2m we nore trop 
The table of Example 1.8 that 
Ma, = 1.76 
ind 


- 0./3 


eu | xv 


From Fg. D. F, for Map = 176 we obtain 
-0.62 
Ma, 


nad 


Su 
`e 


- 0.83 


X 


80 


From Fig. Dt we fina foy 
Ma = 0.63 
ay 


^ LG 
Ax 


For x =t0.2m, the ratio of duct EXI? area, t local area, , 
. / 


‘Ss 2 
Az. 04m 005m) _ 2g 
7 
Ay Olm? + (0.2) (con ^* ) 


H- 42. 








4. 7t con't ) 


ånd thus 


Ar " Az XZ) - m 
Fi b a =(2.5X1.16 ) = 2.7 
With Ar _ 2-9 we ger trom Fig. D./ 
A* 


& -.8./2 1/4). | 
^ DET Mv let, 


The loss in stagnation pressure is 
ei in T Gx hs = B, (7 BY) s roro fido )- iz 4A 
o x 


(C) For a Stand ing normal Shock gf K =t0. Ym we nore rom The 
fable of Example r^? that 


Ma, EO. MP 
Qua 


hm 0-08 


From, Frg. DH for Ma, = 2.4 we olain 
Ma = 0.3515 


24 =z 0.5/ 


Frum, Fro. D./ we find 
Ma, = 0.5! 


di (con't ) 


1- 15 


7.74 | (con't) 


For X= t0.¢™, the rafio of duct exit area fo local area, 


Az re 
— >) 
g A Olm? 4 (05 " 
$^» 
4 O. rn + (0-4 m)* 
and ^us 


A 2 la )- (^35) 43 ) = 43 


Wi tt, UA we get tom Fig. D. 
A* 


Ma, = 9.34 

and 
A. 5.20592 
e Cy 

Thus 


Pe BR A 
Z, BO "e g^ =(0.92. yes!) = ere? 


The loss mm PM pressuve cs 


=p E = L-) - f 
(O8 T. BaT By Ga (07 2 ) elon} (insi Ye 50M 
P EL —3 


o 
9 x 


"- FiF 


11.72 <A normal shock is positioned in the 
diverging portion of a frictionless, adiabatic, con- 
verging-diverging air flow duct where the cross 
section area is 0.1 ft? and the local Mach number 
is 2.0. Upstream of the shock, py = 200 psia and 
T, = 1200°R. If the duct exit area is 0.15 ft". 
determine the exit area temperature and pressure 
and the duct mass flowrate. 


Jo defermune the duct exit temperature , T; and pressure, 

A, we need ^ ana P . We can obfan these vartos fom 
22 faz 

Fig. D. 1 knowing The Value of Ma. The value ef Ma, we 

obtain fem F) 3--D.-1 wilh a Known value of 42> which we 


Get from " 

$ (s) Z 
Ihe valae of (2) 1s obtained hom F/9.0.) with the value 
of Ma, obtained frorn Fig. Dp. wil A Known Valye of 
Ma, = 2.0. Thus frm Fig.0.4 for Ma, = 2.0 

Ma, = 0.5D 


d 
and fr» Fig-D.| we read for May = 0-58 


2T 
At 

han the problem Sla lemen] 
A 0.15 fy! 
LL & NES EY wa 
ty O4 #4? 


and Thus wilh Cf. / we have 


A 
PU = (1.5) (7.2 J) z46ó64 


(con't) 


l- qs 





con't) 


With d ri we get From Fig. D./ 


Ma, = 0.34 (2) 
7i 
— = 0.97 (3) 
AA 

and 
A = 0.92 (4) 
£. 

The value of 754 is eblained from 
Ba” Gx Gy o 7 = l200%R (5) 


The value of E. is obfained trom 


= = E 
os” Gy * E, 





8 HB. 
where ? 
fey = 9.72 
A x 
Tram Fig. 04 tov Ma. = 2.0. 
Thus 
2 7 (2.00 psia (0.72 ) = 149 psia (6) 


With EZS Bands we obfan 
L5 d. (^ ] = (200'&)(0.27 ) 160% 
J 72i —— 
With Eos 4y and6 we have 
5 7 í z [£ )- lyy psia )(0.92 ) = (32 pma 
ó 


For mass flowrate we use 


m = A,V = Fa " JRT, 
( 2 2 pe O M 6 f A, Ma, R7, É 





and 2 AT, 
ja = 320r CMY m [2.8 f Yo.29) (i 216 i ye 
y" : us. R 
/7)6 aa) ( "e R ) ba) 
» I 0.8! Slug. 2C. i / T E 


bm 
s 





JS ——- 
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11.73 Supersonic air flow enters an adiabatic. Determine also the duct exit Mach number and 
constant cross section area (inside diameter = 1 sketch the temperature—entropy diagram for each 
ft) pipe 30 ft long with Ma, = 3.0. The pipe situation. 


friction factor is estimated to be 0.02. What ratio 
of pipe exit pressure to pipe inlet stagnation pres- 
sure would result in a normal shock wave standing 
at (a) x = 5 ft, or (b) x = 10 ft, where x is the, 
distance downstream from the pipe entrance? 


This is similar te Example (^21. 
With Ma =3.0 we enter Fig.d:2 and gef 


/(4* t) = n2 
D 
We note thaf 
F (AL) = FL) a £(t,- 4) (1) 
D D 


D 
(a) With Eg./ we get foy l- L, NP 


x 
FEL) FEA) FUG) asz (noa 5f) 
p y D (1$) 





Or 
FIEL) - OFZ 


2 
Wit, F(R Le) = 0.42 we enter R3. 22 and tind 


db 
Ma. 22.5 
With Ma, 2.5 We enfer Fig. D.4 ana read 
Ma = 0.592 
Now with Ma, = 0-52 we obtain hom F19. 0.2 


F(4£-4,). 09 
D 


Su 
"Etn FOL) f(h-6) 
2 2 9 (Con't) 


n- 93 


Con't) 


we get 
f(L- LJ. 09 (0.02)(25 ^) = OY 
D. C/ Y?) 
and entying Fig. 2 witb FOL) = OY we. dbfAin 
D 


Ma. = 0.62 (subsonic Flow ) 


2- — — 


Now we nok that 


T R fi 
z Ole NENEN SE) E 


| Wi th Ma, = 0.62 we 8btain frm #19-D. 2. 





A. 1.7. (3) 
př 
With Ma, = 0.52 we obtain frm Fig, D.2 
P 
3 = 2.05 (4) 
Wi th Ma, = 2-5 we get fom Frig. D.Y 
P, 
g (5) 
and we oblain frm Fig. 2.3. 
Px = 0.9 (6) 
p* 
For Ma- 20 we get fum F9 D. 
F = 0.22 CZ 
p* 
and fray Fig. D-/ 
(T?) 
— rz 0.03 
R, 


(con't) 


li- 99 





con't) 


Combining Egs. 7 Throngh £ we obran 
Á . (3 EE ay, a. 
Iz ) HOF ^ 2 fees 2.24: 


— 


5, 





Since we do not have Values of ferygrature. or Pressure 
7 


anywhere wn Fhe flow, we Can only sketch Guat, whel 
7-s cCoodinalls, fhe T-s diagram 


what happens on 
will be Similar to the one of Fig. E I4. 21(5) as indicated 


above. 


(A) Wilh. Eg.) we get for f, -8 = s0ft 
— (0.02000FY _ 0.372 


f(4-4.) = 052 
D (7 f?) | 
Wut 4L) 523 we enter Fig. D2 and find 
D 


Ma, = 2 
With Ma, = 2 we enter hig. b. and Veaot 


Ma, = 0.58 
Now with May = 0.58 we sblm fam 75. 0.2 
(Con't? 


/1- 99 


^ 13 |(con't ) 


f 0-5) = 0.62 


D 
Since 
FEL). I. (4, - Ly) 
O D 


We get "a 
££) = 042 ~(0.02)(20f1) - 0.22 
D 


(1 £+) 5 
and entering TUA wim FOER) soar we obtain 
m a 


Ma, = 0.64 
With Ma, - 463 we obtain hom Fig. D 
h = 1.17 CF) 
p* 
Witt, Ma, > 0.57 we oblin fam Fig. D. L 
P 
Wi; th Ma, 22 We qe trom hg. DY 
5 
P = 4.2 (4) 
and We obtain fym FI9-  D.2 
P 
Z =z 0. 
p* F (127 


C embining EGS. 2,7,$, 9,10, i4 art 12 we obtain 


p 
— 2 ZA c7 Ont J | | 
e iid (op ) ani yes ) (° E — 


u 

S 
~ 
A 
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11.74 Supersonic air flow enters an adiabatic, constant area pipe 
(inside diameter = 0.1 m) with Ma, = 2.0. The pipe friction fac- 
tor is 0.02. If a standing normal shock is located right at the pipe 
exit, and the Mach number just upstream of the shock is 1.2, de- 
termine the length of the pipe. 


We nofe that 





f(-4)_ FOEL) FEEL) ft) 
D p D 
Whe re according to Eg, 1.98 
(4-4) ES ( 1- Ma?) + (Ee ln (Ez )nae 2 
D K (Ma?) 2k Si 


| t (=) Ma* 
Or for air , f (4-4) is graphed Gs a funcfon of Ma in 
D 
Fig. D2: 


. + 
hus, knowing Ma, ana Ma, We can dekrmine fi CL) ånd 
D 


F (L*L) and with €3./ we obtain f (4-5). Wilh f and D 
D D 


also known we can defermine £,- ft. 


For aw, we find in Fig. D-2 corresponding to Ma, = 2.0 and 
Ma, =1-2, 
¥ 
f (4-4) € v3 
D 
and n 
f£(4-6) = 0.03 
D 
Thus, with &%./ we have 


f(4,-4) ~ 0.3 - 0.03 = 0.27 
D 
and 
Q -8 200.27 J017) = L5 7 
0.02 


/I- 101 





44.75 


At the duct entvance , 
TZ, = SIF = 5/4" 


and 


Wi th Ma = 2.0 we enkr Fig. D, / 


11.75 Air enters a frictionless, constant cross 
section area duct with Ma, = 2.0, 7, = 59 °F, 
and ps, = 14.7 psia. The air is decelerated by 
heating until a normal shock wave occurs where 
the local Mach number is 1.5. Downstream of the 
normal shock, the subsonic flow is accelerated 
with heating until it chokes at the duct exit. De- 
termine the static temperature and pressure, the 
stagnation temperature and pressure, and the fluid 
velocity at the duct entrance, just upstream and 
downstream of the normal shock and at the duct 
exit. Sketch the temperature-entropy diagram for 
this flow. 





/ 





Ex 14.7 psia 


a = 0.56 
72, 
ana 
F, s Of3 
^2, 
Thus with £35. | and 2. we obfam 
T -(es& SIIR) = 29/7 
a 


Ve. 
y, 


= (#02 )( 14. 7psia) = f psit 


= Ma, |RT; k = (2.0) (in 





To x 


P4 











(con't ) 
"- (02 


sechon (1), we have 


ana read 


site lug. 2 2 p 
At sechm (x) just Upstrtam of the shock 
lo x = b, lo a 


(1) 


(Z) 









con Tt) 


- if 
(fel zu) (4) 
fo, PT 


lind 


For Ma =2.0 and Ma, =15 we vead tom Fig. 0.3 


T. 
th = 0,79 (6) 
a 


Pr " 


With these vahos and Egs. Zand 4 we Olhain 





5,7 icu fe jean ) = SIR 
) 0.74 = 
E IET psia eo ) =U psia 
l-5 
With Ma, = [.5 we entry Fig. D.| and read 
1x = 0.69 
hx 
and 
le s az 
B x 
Thus , 
Ke = 66? KSISR) = HIR 


and 
ae 27 (ui psia) = 3 psia 


ET Ma, |/ RT, k = (1.5) A6 ftl ok J HOR = im B 
| tbh, b) — 
ag, Ht 


(con't ) 
N- 103 


Cont) 


At section (y) just downstream of the shock we obtain from 
Fig. D. for Ma, = 15 


Ma. = 97 
^y 
4:235 
Fx 
| Á. 
| wA ete 
Tx 
V 
<= La 
Vy 
P 
2I - 0.43 


sd 


x 
Wil these vahos and values of properhes at sechon (X) previously 
detevmined we have 


^ -(2.5 )( 3.00 psia) = ^5 psia 
i, 
y= (60 P). 394 f 


— S 


"(o3 uor) = SIR 





e = (0.93 ) (11-0 psia ) = 10.2 psia 
Also, Since the flow across The normal shock is 4&dabahe, 
day = bx ~ ER 
At the duct exit sechm (2) we have the subscript a” shite 


(n Fig. D.3 Since the flow js choked there. Thus tom 
Egs.$ and € we conclude thal 





loa = To) — (511 R) =~ 657 e =T 
0,74 (0.29? ) — 2, 
and r | 
E ! 14-7 psi 
a 3 AMET ( 2914 ) = 7:0 pa = a 
Hs (16 ) m 
(con't ) 














[1.75 | (Cont ) 
With Ma,=2.0 we read furfyv frm FI9. D3 
^ -036 
Fa 
ü 
— = 053 
ln 
V - 115 
^ 
Thus, 
p (1-91psia ) 
COE JF. == 
(0.53 — 
and 
ft 
E == y 
(L45 ) 
To sket a T-5 diagram we need values of $-$, and we 
calculak these values with 
6-9 2 G4 do Mofa i 
i / 
20, fw € X av ple. , 
s,-s, = (0006 ftl )^ u )- n ft lb )o 3 Psia ) = 190 He 
slug, R 5/9°R Slug. lus." 14. 4. Tplía slug R 
Similarly 55D 
206 In 533. ~1716 In 73 d ae 
aes n e 19.7 / (a) 
-/220 ft-lb 
5,7 5, Shes "R deme, 0 leieh line 
50 y ay cig in 
i F Sketch (not to 
-fz í 6l, 573 = 1716 lp 22 k Scale ] 
£-5* 2080 Ft lb 
. slug. "R 350 










-—p—ÀÁ—S- 
/000 £41,2.000 
3-5, (fie op) 
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11.76 Airenters a frictionless, constant area duct with Ma = 2.5, 
T, = 20°C, and p, = 101 kPa(abs) The gas is decelerated by 
heating until a normal shock occurs where the local Mach num- 
ber is 1.3. Downstream of the shock, the subsonic flow is accel- 
erated with heating until it exits with a Mach number of 0.9. De- 
termine the static temperature and pressure, the stagnation 
temperature and pressure, and the fluid velocity at the duct en- 
trance, just upstream and downstream of the normal shock, and 
at the duct exit. Sketch the temperature -entropy diagram for this 
flow. 


A) For air we have at the duct entrance, $ecfian() 
Ma, = 2:5 
T = 206 = 293K 


e OLX 


P = soi ffa (Abs ) 
> Vai TOO 


/ 





With Ma, > 2.5, we enter F9. D.l and read 


7, - 0M 
UY 

and 
f= 608 
oi 


Thus we have wilh Egr. land 2 
T = (044 )(293K) = 130K 


ana 
p = (0,06 )[ va k fa (abs) ] = 6.0 tea (Glos) 


hen 


Y= Ma |RT k = (2-5) 


At secho (x) just ups eam of the shock, iz) 





(286.9 N.m ) 30K HNI a 
AEII NON 


(17 


(2) 


(4) 


con't ) 


For Ma, -2.5 and Ma, = 13 we read hom Fig.D3 


Ô. 71 


— 
———Á — 


I 048 


To 
hx 1.04 


A 
With these values and &s. 3 and V we obktin 


= (293 k )/—L 095° J = 396K 
lye Léo )' IE 
= 47.7 khe(abs) 








p = [fov ktalats)] /.—— Jer ) 
2.2 


Ox 


Wilh Ma, 2 A3 we enky  Fig.P.1 and read 


Tx . 075 
i. 

and 
^ . 0.36 
lo, x 

Tus. 


T,=(0.75 N39Sk)= 296K 


And 
p= (0.%  )[404 Anus] = 17 && (abs) 


hen = 
V, Melferg = (3) [ Gne Ge ED , 
(ig) 


(can't) 
li- [0 F 


1g r 
5 


E 





(con't) 


At sechon(u) just downswéam of the shock we obim hm 
Fig, D.4 fov Ma, =/-3 


Ma, = 9.79 
B- 1.8 
Px 

Wo jB 
5 

Ye 255 
Vy 

P 

523. - 0.93 
P 


0, X 


With these vafis and Values of propertics at sechon(x) previoisl 
determined we have 


R = 1.6 )[ 17 1ka(ms)] = 308 kh(abs) 
7, = (L2 ) (295k) = 
(eet F) 7 
Vy ne c BEY. at 
J (7.5 ) — 5 
A =(098) L 47-4 Rhelabs) ] = 46.4 kefa (ibs) 





Also, since the flow across the novmal shock is Adiabatic, 


Toy * Tx = 316K 


/ 


At the duct exit, | sectio.) Wwe hae 


p BCEE) (5) 
L* *CE)(R) (6) 
fat (Re) (s) (7) 
MAG , 
E GG 7) ( Cont ) ls 


1-108 


con't ) | 
Appropriate ratios To use n gs. S throngh 9 are bind tom 


and ^q =0,%9. 
Fig. D3 few Ma, = 0.79 2 
Thus , 

by z 1.3 

fa 

A = A P 

fa. 

^j . L0 

la 

Ia = 402 


r 
M ro Affe 
a 
foy e [02 
f$ 
/ 
hz o 
4 
V _ 05 
Va 
us - 0.91 
&, 


T e GRU dd - a sec 


E 4/02 . == 
f 0.99 ) =- «o7;K 
= SK E 477 
p.c OF i i = 
( con't ) 


it- [07 


con't ) 
x [f t &À (uis) ] // je ) = $5.9 RA (abs) 
1,02 —- 


CPN 0^" ng 


For Sstetehing a 7-s diagram we need vatyes of 5-5. 
We Use 
$-$, = Co /n 


Thus , fw examp le, 


$679. = (1004 Mn 24 EK) — (26.9 Inf? he Á A nes) 
ne) f ^, pai 


ZT Rink 
7 P 


ime Seay = 
kg. K 
Similarly 
S,-5 = 586 Z 
/ / 7.5. K 
and 
s =< = 570 J 
2 / ds. k 
400: 
(y) (2) 
Normed if 
2,00 Shock 7^ Rayleigh 
(X) line 
ske tel, 
T(k) (of "fo 
scale ) 
200 
(1) 
100 
0 100 200 300 400 500 
* i 
5-55 — 
, en ) 


11.80 [See Fluids in the News article titled “Hilsch tube (Ranque 
vortex tube)," Section 11.1.] Explain why a Hilsch tube works and 
cite some high and low gas temperatures actually achieved. What 
is the most important limitation of a Hilsch tube and how can it be 
overcome? 


A Hilsch tube werks because the Cove tlow of the associaleol 


| compressible swirling How IS in Solid borli r tahon (forced 


vortex). AS shown by Eckert and Drake (Eckert, ERG. ard 
Drake, Jr., Rim.) Analysis of Heat and Mass Trwnsfey, 

Me Graw- Hih, New York, 1972.) , the difference is tote! kmporAre 
across the radius of this Awceol vortex can be appreas ble, 
especially when the flow is turbulent. Kurosaka CKurosake, M. , 
Acoustic Streaming jn Swirling floa VENON the Rangue - Hy lsel, 


i (Vortex Tube ) Effect, Journal of Fluid Mechanics 124: 139-172, 1982) 


Conelrded that periodic uns tead mess of the Swirling How 

is the primary cause of the fvmation of This Avced vortex. 

À ccording +p messuvemencts (Ahlborn, B. , keller, TU., Staudt, R., 
Triefy ,9- and Rebhan, E. ) Limits of Temper «Turre Separator 

h a Vortex Tube, T. Phys. D: Appl. Pys. 27: 480- #88, 1994 )hpical 
hot ahd cold stream ftpevalwves are 597°C and - 13€. 


The most importan? limitation of the Hilsch tube is the 
inctficiency of the process o. challenge that remams To be 
resolve d. 


/[ - {i 
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11.81 [See Fluids in the News article titled “Supersonic and com- 
pressible flows in gas turbines,” Section 11.3.] Using typical phys- 
ical dimensions and rotation speeds of manufactured gas turbine 
rotors, consider the possibility that supersonic Fluid velocities 
relative to blade surfaces are possible. How do designers use this 
knowledge? 


For the fan of a regional turbofan gas Turbine engine 
tip redu = /9 th. 
rotaton spttd= S700 rpm 

Se blades, eed, U is 


e v d 
U = a = (19 tn. X in (3300 is Jer re l. (376 f4 


em l os s 
(12 i ee 


Foo a typical fan rfo veloci ty frange (See F19. 72-3 ) 
the velocity relahve Ze the Sus, blade J wW /$ much arser Man 
the blade velo ci hy, U . Arf fanke sf £ a nol nomha ambient 


fem pera tures we see Krm Table G.3 that She relahve w/o cits 
of the anw How over Ihe fan blade near ifs lading edse 


ss mest Likely supersonic. 


Fir the Cove Coma pressor of this same engine 

tip radwt = /0 m. 

rotation Speed = (6250 v pra 
the veSultant blade tip sped is 1417 a: 
Even af higher term peratures within ths coe (mpressor 
the re la ve vele ci Py , w, "Y gue likely to be Supers rt. 
Desi oners continue to improve. the tan, Compressor and her bine 
components of gas turbines. 


W- HZ 
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12.4% The rotor shown in Fig. P124 rotates clockwise. Assume 
that the fluid enters in the radial direction and the relative ve- - 
locity is tangent to the blades and remains constant across the 
entire rotor. Is the device a pump or a turbine? Explain. — 





BFIGURE P12.4 


W = w, according 72 the problem statement and U >U 


l 
Sce A >r . hus a yeasonable se4 of velocity Paneles 


fo» this situation looks like 


Wi 


= radial 


V, .—. divecho« 


By comparing the veloci hy tviansles at Ho rotor inlet (1) 
and exit (2) we see that the absolute velocity vector V, 


has been turned in the dwechan of blade mohor and 
Work. has been done on the fluid. This isa pomp . 


LZ 


/Z.[O 


12.10 Water flows through a rotating sprinkler arm as shown 
in Fig. P12.1@and Video V12.2. Estimate the minimum water 

pressure necessary for an angular velocity of 150 rpin. Is tliis 
a turbine or a pump? | 


To estimate the minimum wafer pressure we. 


consider the 


Flow through the sprinkler and into the atmosphere to be 


without any loss of available energy. — | 
2e, Using Bernoulli's equation we ger 


| a Vv," 
Imi T C "JJ 


where B= Pty, radial dichon P. 
7o defrmme V, we vecognize that e 
the minimum pressure. Condi fron, the Forgue 
pesiar Sprinkler rotation is Jero. | 





— Tt Ao 





o-150 rom. / 


/ 


T= m(tWs re) Q | SS 


Jo 
: A 
Since V =0 2 | 
Et ‘Mm FIGURE P12.10 
then A 20 
o9 2. 


From the exit (' 2) velocity triangke ) 


© 
o * MR e It 
V = W, cos 70 and W, Sin ^ = UV ,, 


o vad 20" 
2o Voz rw os 70 Z C7 m-) (150 rex VET Fey ) Cos 40 - 734 Tt 





4 5 Sin 70° [2 tn -) «05 ) sm 70 m. 
ft 2 ^ni 
Pn poc — (62.4 thee (334 F) - + 10.8 lk 
mi atm > t 22.3 lbs f Y air ft 
= 2 lb € | Io 57 
So pele above P 


im, + mi | 
The. aelwad ssuve needed For sprinkler roja y. is lewsev because af 


Fluid flow losses 4nd dile orgue resisting volo 10r . 


This is a turbine, the Sprinker moves m the same decay. as the fluid tone on it 


Raz 








; TUB TY TU 
fhe so D. VE iA. 
Em E E ki 
ss E E DE 
Ba EI ES pH 
z x 
p 
: 


7 u Water is supplied t to a dishwasher. through the manifold: | 3 in | 3 in | 3in | | 
9). 











shown in Fig. P12.11. Determine the rotational speed of the man- | 

^ fold if bearing friction and air resistance are neglected. The total _ 
. flowrate of 2.3 gpm is divided evenly among the six outlets, each . 
of which produces a 5/16-in.-diameter stream. : 


Ci 






sectien a-a 


^ ae ee P12.11 


Wilh points (0) 0) (1), (2), and (3) suba as M 1 the — above, 
T-m ovt hovi 7 Vin ba) where ls, -0, Thus, 


T= 2m," Vo, + 2m, Fa M, * 25r Vg =O since there is no friction. 
Bul m,-*m,-ma so that the above becames 





rj Vo, * a Vo, * rs Vos =O (D 
But U; t lo; - W; cos 30° yl ies (2) 
where 


M = -6/F (8-8) ]w Jw: = 0,00320 W; U=; 


—) j 
0- a gal (22) (2312) (Att) = 0.00512 $E fr 


min /\ 60s (22553 
Thos, W, = 1,60 f so that from Ee. (2) Vo, n— 
or Vp, =(/.60 £)cos 30 “Tp. Wb rs 7 f ns e f and rs- i ff 
Eq. (I) becomes 
Oe re odia 
or 249 =/05W 


rai y iren rev 
Thus, W* 2.37757 4 —5 = 0,378 $ 





(2 AZ | 


12.1Z Water iouis aig up the shaft ung out through the two 
sprinkler arms as sketched in Fig. P12. Wand as shown in Video 
V12.2. With the help of the moment-of-momentum equation ex- 
plain why only at a threshold amount of water flow, the sprinkler 
arms begin to rotate. What happens when the flowrate increases 
above this threshold amount? If the exit nozzle could be varied, 
what would happen for a set flowrate above the threshold amount, 
when the angle is increased to 90?? Decreased to 0?? 


te ——Á— — O k 





“FIGURE P12.10 
= Ihs sprinkler ts mae fo the one of Example. S 1a. 
Thus, 


Fram the MA triangle shown tn The shakey « above, | 

we conclude that | iut : 
M ( W,sm 70° - V. ) 

where "m 
Uv, = CO | t — 

Combining, we - ae 


Se when W, and n m Combined is » win = 0 h ove weoma 


lhe ft 2 the Sprinkler roto begins G hue. | 2S | 


| When flaw rale. ancveases JM w Is ho longer 3 sero d 
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/2./12 | (con't) 


When the no33le. angle is increased es 70° to 90° 
T eft = Cw., Sin 20 -— o) M ue 


^ 
| 96? 
Joe 
U, 
Fe or qo" : " 
T m" F a 
shaft ~ Shafi A 
90° 70° 20 
W, = We R 
qp? 70 
= mM 
70° 7b 
We get 
W, -CO = W Sm 
2 ml0~— c) 
q^ * w ET à 
Far this to be Frue 
> 
Waso a7 


ov the sprinkler Speeds Up when the noa3b angle is mortased 
from “70° do TM 


When the nozzle angle is decrtased d» 0; the exi j velocih, 
triangle now looks like 


Wi 9 
U 
z V, 
0? 


Gnd the shaft Torque. associate! wilh this flow opposes 
and eventually stops sprinkler rotation. 
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. 12.13 Ata given radial location, a 15-mph wind against a wind- 
. mill (see Video V12.1) results in the upstream (1) and downstream 
(2) velocity wiangles shown in Fig. P12.13. Sketch an appropriate 
blade section at that radial location and determme the energy trans- W, T a 
ferred per unit mass of fluid. pe 


Iwl = Iw, | 









E a mu Y 


V, = 15 mph — 607 


-———e-—-t 


E FIGURE P12.13 


We can determne whether the axial thw purborrachme 
ne il B , E — : E ] a = d comparing Pre direction 
| nde sechon wrth the 
divecton of the blade velocity U. ZE the sift fere and | 
the blade velocity are tn the same direction a turbine is 
"ea LF the lift force and blade velocity are jn 
opposite directions | Q fan is sinvolyed. The diwvecton of the 
litt force can be mferred from The shape of the for 
blade sechon sketthed to be tangent the relative flows entern 
| Qnd leaving The YOfZY raw’. | E T 


The. entering | | 
Z = Tap ~ e c | fan! ( 2.0nph) = 53] E 
J ^ ( 15mph) | 
Thus, the vofov blade sections sketched bela) are appropriate 





/ 





/2./3 | (ton't) 


T | Since the lift force Acting on each boty blade dint p 
d$ in the same direchon as the blade velocity we - 


conclude that this turbomachrue is a turbine. 

Jhe energy Dûns fevrect PEr Unit mass € he shalt 
Work por uni) mass , 2» "T = which we Can determine ` 
w th £4. 114.5 . Thos | 


(1) 


Whati i ` G Mis 


From the veloci? y triangles we. obtam 


VW = W sarto? — U 
2 7 tue 


smeo” - zora Ps 





W í e I f}. lè lè ee € - Zs ff db 
Shaft Slug (32. 2 ibm lom 


| a 


I2- 7 


12.14 Sketch how you would arrange four 3-in.-wide by 12-in.- 
long thin but rigid strips of sheet metal on a hub to create a wind- 
mill like the one shown in Video V12.1. Discuss, with the help of 
velocity wiangles, how you would arrange each blade on the hub 
and how you would orient your windmill in the wind. 


npr RAMS 


~ ii d along voladion axis V 





MM meee 





Jà- 8 
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12.15  Sketched in Fig. P12.1§ are the upstream [section (1)] 
and downstream [section (2)} velocity triangles at the arithmetic 
mean radius for flow through an axial-flow turbomachine rotor. 
The axial component of velocity is 50 ft/s at sections (1) and 
(2). (a) Label each velocity vector appropriately. Use V for ab- 
solute velocity, W for relative velocity, and U for blade veloc- 
ity. (b) Are you dealing with a turbine or a fan? (c) Calculate 
the work per unit mass involved. (d) Sketch a reasonable blade 
section. Do you think the actual blade exit angle will need to 
be less or greater than 15°? Why? 





Axial 
direction 


U= U, 


FIGURE P.12.i5 


(a) See figure a bove. 


(b) 7 = m( ra Va2 7 lj Vai) = pe ( V5; = Vo,) 
where Va2>0 and Voi <0 (see figure above) 


Thus, Tro, 7, he machine is a fan. 
(c). W ‘sha "o = Uz Vaz 3n U Ve, = U (Vo - Vai) "c Us Ü,z Us 


Since Vs =: Veo = Soi i it follows 
from the figure that : 


V cos /5° = 50 it 
or V, = £9 # 


Ü 


Vei 


=U =U 
and — r 
"A cos 30" iz 5o E or V = 57.7 ft Voz 
so that 
loi =-V sinj5" 7-5/.8 sin /5°=~ 13-4 fi 
and. 


Voz* V, sin 30°= 28.9 Et 
Also, U= [Vo HMeo[= 42.2 2 
fence, ME p at) = 42.24 eet -(- 13.4 &) = (7605 it 

(d)From the figure tanO= nor or O- 48 ° 
This, the blade shape i is as shown: 
(D 5? 


ug ot fin (con't ) 
A-T 





The acha! blede angle will need 7» be kss. than. 4s? 


to achieve a IS flow angle at The blade exit. 


Because of boundary layer develop men? on both sur 
the blade, the fluid amle will be different fom the 


blade dt. Less Turning Than expected will be. a itis 








a ch teved 


12- /O 











12.16 — Shown in Fig. P12. bis a toy "helicopter" powered 
by air escaping from a balloon. The air from the balloon flows - 
radially through each of the three propeller blades and out small | 
nozzles at the tips of the blades. The nozzles (along with the _ 
rotating propeller blades) are tilted at a small angle as indicated. - 
Sketch the velocity triangle (i.e., blade, absolute, and relative 
velocities) for the flow from the nozzles. Explain why this toy 
tends to move upward. Is this a turbine? Pump? 








M FIGURE P12.16 


Tf we assume the helicopter is stationary, then. the blade speed 
is WR in the horizontal plane as shown in the side view below. The 


d 


relative velocity, W, is directed along the nozzle, and the absolvte 
velocity , V= W+ D, is as indicated, 





The Toy tends do move upward Le cause. the flow. over fhe 
blades ITE, Up or) then . Tha air from the OG Hoon tfovtes the 
&lacles to rotate Nike A turbine. ; However, The blades act 


on the am b/ent flv as A perp. 
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Voz 45 fts 


12-19 The radial component of velocity of water leaving the 
centrifugal pump sketched in Fig. P1248 is 45 ft/s. The mag- 
nitude of the absolute velocity at the pump exit is 90 ft/s. The 
fluid enters the pump rotor radially. Calculate the shaft work 
required per unit mass flowing through the pump. 





E FIGURE P12./8 


shaft e 4 C - UJ, 2. (Eg 2 2 ) 
haft = v g“ Vv yt. (i Ve, ) 7 lar €) 
Since The Alu Pi radially | Vo, =O so That &.12.5 
becomes 
Ws heft = Voz (1) 
Lo Hf 


Frory F794. /2.8C Y, 
2 2. 
Voz ` ( V, - Ve ) 


[ (pe) 7 PES 


Írom Eg CI) 


she ft 





s (fu 


l v ftl ib 

= L22x ID. tt Ib 2 1.22K10 uj 
Slug 32.174 lban 
slug 








(cont ) 
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12.18 | (con) 


We proceed tr calulale the Component velocities of £9. 12.8 


U, = Ia E m E 2.9 8 
(0 £ 


Prom conservation of ma $$ 
V A, = V A, 


or = 


Virrb= Vy, rmn 


and 
ws Wis = 45 POST). 112 ft 
/ r 5 0.2. f s 


Le the a flow 


| ve = U, +V” = (62.8 £84 (112 ft) 
So | 
| v z 12% tt 


Lae 


Then trom Eq. /2 


= (90 £)- (ir EDs (sz #5) 2.28) fat) certs] 





shaft 
= 53x o x fis. ^ = 53x10 ft [b , vex io ft-lb 
to s. £t / Ste V 32.174 Ibm? 
= 4 76 14 -Íb Shag 
—— _ lm 


£4. 12-8 Invites round otf erroy because of (he 


diflrenns of veloc hy Sguared mvo lived 


/2- 13. 





| 40249 
| | RIJA centrifugal water pump having an impeller diameter of 
0.5 m operates at 900 rpm. The water enters the pump parallel to - 

the pump shaft. If the exit blade angle, B, (see Fig. 12.8), is 25°, 

. determine the shaft power required to tum the impeller when the 

_, flow through the pump is 0.16 m?/s. The uniform blade height is 

—-.50 mm. 
"- m moe E, zm N 
fi. uo oso = $ 
V) fa y "^ V ) (E 
WITA Vo o pe 
shett = PO h Vox Cr) 
1 / 
From Fig. 12.8¢ inbte DARE M 
Vez 
5o That | "PA V 
= x Cof 
Voz 2 Fe É (2) 
rad 
- 2 Z 
For h, = 7 = 0.25 24 With go = (tre Bin len rev " gu? (ad 
f S 
60 = min | 


Ther 5 
Dhu = (0.25 m)(M2 44) = os, La 


Since the flowrate 15 Jl ocn it follows That 
P= ZTG b Vez 


3 
7 C= e a long? | 2 D4 
Zirh, ©, (zm) 6.2&w) (0 05 m ) ? 





Thus, trom £7. (Z ) 
/pz ^ 


(23.L— 2.64 Cub zs) TS = 19.2 & 


e A Hrom £1. (/ ) 
[o = (799 #4 Mow 0 zm) 19,2 4) 763 Nom 


l | 
so, yo = (268 Mm) (2T red (hoc =) l _\ saopAw 
dni "" (eo = Jjooo Nm 

s &w 





rev 
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/2.290. 
- 1220 A centrifugal pump impeller is rotating at 1200 rpm in. . 
the direcwon shown in Fig. P1220. The flow enters parallel to: - 
the axis of rotation and leaves at an angle of 30° to the radial. - 
direction. The absolute exit velocity, V}, is 90 ft/s. (a) Draw i: 
. the velocity triangle for the impeller exit flow. (b) Estimate the | ` 


. torque necessary to turn the impeller if the fluid is water. What: - 
will the impeller rotation speed become if the shaft breaks? 





| mH FIGURE P12.20 


(A) The exit How Velocity Triangle Can be tounstructed 
Graphically as Indicated below, 


wT 
From the velocity tangle 
Lan fy . 





D,- Vee 





Vez 
Synce Vo- = 7 Sin $0" and Ve. = V, Cos 50° /L follows 
That " - D = A Sin 30° 
(e. a V, 6&s30? 
FE . o 
hs 62,2 f — (96 ET) sin 30 — 12.¢° 


( 4o F) Cos Fo" 





li 


H 


( cen Zt) 
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(2.69 — ( Cen ZÀ 


Th U5, trom Te Velocity Liang 





W, = Viz " V> tes 30° _ (p E Cos 30° 
a Cos 12,9? (bs /2.f* Cos 12.9° 
= Lt- 
umi 90.0 y 


Wy th A ân d Wo Known, The ve locity É viens le T 
Com pletely vpe cihed. 
(b) From E3. 12.79 wim Vp, =o 
Thft m h o2 (1) 


ace 


p 


ALIUD L, Vp, ane eforwaler thom Table L5 i I9 sep 


(1.98 e ferXosfüz fe) lF Cos 30° 
= 394 slugs 
S 


li 


So that trem Eq.) 


shat = (99.6 MC (^.s f£ 4 E Sin 20^ 
= 89/ FE- lb 


l 


A positie for gue js tn The 5Qnme dive chor as The rotation. 


When the Shaf? breaks, the orgue becomes zero and The 
mpe ller eventuall stops because, The re Js v0 longer a, 
driving torgue fo fore it Yo rotate. Ina PUNR, the 


shatt dovgue drives rhe impeller and the impeller moves 
f/ujd. On the other hand 


drives the (m pe lier . 


4 wb." . 
‘pM aA TUT Ane the moving 2297". 
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i than d head rise. Discuss how ideal head rise is head ‘ added" 
to the fluid and actual head rise is head ‘ Bained" by the fluid. . 


. Can Eq. 12.13 be used for a turbine? Explain in terms of ac- 
ae and eae Sey in head. . 





Eg. 12:13 is obhaimeA assuming that no loss of aval lable 
ONCTGS acce rr ^ the flow throngh The pump Jon pe ller. 
The acthie/ head rise across the pump d thus egual 


Jo The sdeal bead rise across the pump minus the 


/0$ s of avai lable enerju sud feveof by the tlow ng Llas d 


becawe of trichs,. Jhe blades add the ideal keg 


kise amount f» The ewig faid, Lowever, Be Llyd 
flow los, results p The achiral fead rise real; zed 7A y 
the flowing flaid being Rss than rhe / dea / 
amount by fhe /o55. 


£9. 12.13 may also be used fir Haw across a turlyne rotey, however 
me change In head w ll hOW be negative or th other Words 
the flowing fluid head will drap across the roter. Farther, 
this head drop across the turbine rete jis the ideal 
amount , or the amount in the absence of any loss of 
Gvai lable Energy suf fered by fhe thwing fhid because of 
viscosity. The «chau! head drop is larger than the 

ideal head drp the diffevenco, due to losses. 
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Q = 0.25 ft?/s 


12.22 A centrifugal radial water pump has the dimensions - 
shown in Fig. P122/2.. The volume rate of flow is 0.25 ft/s, - 
and the absolute inlet velocity i is directed radially outward. The - 


angular velocity of the impeller i is 960 rpm. The exit velocity 
as seen from a coordinate system attached to the impeller can 
be assumed to be tangent to the vane at its trailing edge. 
Calculate the power required to drive the pump. 





E FIGURE P12.22. 


From &9. 2. "o with Vp, =O 
W shaft =r OU, V 

Zo determne V2 we use 
V9 CL, no law BN coe )= 1$ 
To did Voz We use The exci Velocty driangle Shown below. 


T | Ve 2. | 














mis le, = v, — V. Fan 35^? F A 
| n. 
and y; eo. $9 _ Cs Jen ze / 3515 
Fz ~ As | LT b, (27) CE verus y test > 


it follows Thet P 
= (44.1 -139 tan 7) = HONS 








W sha fk 
= folo art 
ev Lt: Ib 
E {010 '—- 
, : = Pr 
1 Ero ftl EP hp 
S: Hp 
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12.23 Water is pumped with a centrifugal pump, and measure- - 
ments made on the pump indicate that fer a flowrate of 240 gpm- 
the required input power is 6 hp. For a pump efficiency of 62%, 
what is the actual head rise of the water being pumped? 


Fam Eg. /2.23 The pump efficiency 15 given by T 
pum E yO ta/550 

T" WR 
«So That 





"P (Hl bhp 0798 
a xO 
- id NE 


MEES 


[ 
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12.24 The performance characteristics of a certain centrif- 

ugal pump are determined from an experimental setup similar 

to that shown in Fig. 12.10. When the flowrate of a liquid. (SG 

= 0.9) through the pump is 120 gpm, the pressure gage at (1) - 

indicates a vacuum of 95 mm of mercury and the pressure gage 

at (2) indicates a pressure of 80 kPa. The diameter of the pipe 

at the inlet is 110 mm and at the exit it is 55 mm. Ẹ © 
(25 — Z% = 0.5 m, what is the actual head rise across the pump?  : 
. Explain how you would estimate the pump motor power re- 

quirement. - 


From &2. {2.19 


O Deu (1) 
Ay T = + 4-2, + eS 


Since P . (/20 gpm Eb. 309. N Fe 
p cod T ee T m 


1 A, X (0. 10a) * 

and y, 4 = K A, 
ew, ee m y- (2797 )(2) = 3194 
THUS, t¥on &. - a = - Ay) ) Oha e - (6.045m)(i33x\0 $) 


and AF "x jù "Mk. 
2. 2: 
gor Ma (à uim! s ] Cae - (019%) 


/ ket mmama ~~ {/, m 3 
ha (LDT. 90 x 107) &, 2 (88). 








^h, = ISE m 
Ta estima fe. the pump meto y power reg urement ASC £g ./2-23 | 


- ¥ & ha 
bhp (550 ) 





f» gel 
bhp = od Q ha, 
nGso) 


Fur differing Va lues f n, A Cercipending bhp CAN be ca lev la fe 
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42.25 The performance characteristics of a certain cenwif- 
ugal pump having a 9-in.-diameter impeller and operating at 
1750 rpm are determined using an experimental setup similar 
to that shown in Fig. 12.10. The following data were obtained 
during a series of tests in which z, — z; = 0, V, = V,, and the 
fluid was water. 











Qigpm) — — [20 |40 jeo jso [100 |120 [140 | 
pz — pr (psi) |402 |40. |381 |362 | 335. ES B | B 258. 
Power input (hp)! 1.581 2271 2.671 2.951 319i 3.491 4.00 


Based on these data, show or plot how the actual head rise, #,, 
and the pump efficiency, 7, vary with the flowrate. What is the 
design flowrate for this pump? 


From 63.42.10 with £7 Z, ana Yeh 
h,= teh 
| E | 
Thus, for The first set of data im The £a b je 
yo.2 (uy | 
he = (fh tor MR! uu 
62. fle | 
Jr 3 


X 0d. | eso 
bhp 
and pr the #trst Set of data m the table 


Feb 
(1.58 hp )( $50 Fip) 


From Eg. 12.23 


= —40 297 
id 4-224949. 


Kem 4 Irma Va [ues for Ay and 7f lan be Caledated IM A similar 
manner and all values ave tabulated ii The table below. 


1 
(p (Fpa) l Zo Ko bo ZO foo [20 [4o 
L (te) | 28 | f25| 222 | 885 | 773| bts | sts 
c 3 
N (4) |247| Wii i sis | 643 Co | 92. 


(cont) 
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(cont ) 


ph of  7he data IS shown be low The design 
flowrate occurs at peak ef Hi ciency qna s 107 p. 
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12.26 It is sometimes useful to have h, — Q pump performance 
curves expressed in the form of an equation. Fit the ^, — Q data 
given in Problem 12.25 to an equation of the form h, = h, — kQ? 
and compare the values of h, determined from the equation with 
the experimentally determined values. (Hint: Plot h, versus Q" and 
use the method of least squares to fit the data to the equation.) 


£p. . 


Based on the data trom Problem 12.1 5, the Lo Iowi G £u ble 
Cah) be Crected capt »x FI JH A S ta adard, li ear re Ires S404 
Curve AH 1129 0regntrn Tne fellowng Vesults are Obtuned . 


Q (apm) 2o | fo be SO Joo ia d vus 
[€ GS po 4 X 10" /G x10 abx iD (ux ID Joo X Ib Jya X ID /4LX 10^ 


A, (ft) | 128 | fzs| 829 | 635 | 723 | 415 | 95 


AL, E) —~/ oo | 6.8/| —427| 0.26 | 639 | 233 |-6 57 


"4 ^s i he 4 experimental 7; d ha (predicted ) 


The ef unio) obtemne hom The Oa using linear Veqvession (3 
2 
h, = F45 — 0.00176 @ C1) 


Where Hh, [5 48 fio With @ oan gpm. A plot showing 
The Com parison between The experimental data gud The 
predicted Vesults (From &g.1) 15 shown below. 


loo FutubuentuRESBMEMMAEÀS 
. ob wae See ea ere 3.- i H ! 





ie ae ie iis pred ee degen Pog od be. den « ` à 12 fi 4.2 ` 
E KAERA EAT S TEE CEET P led cs TERE tubules pegue las fet irali i LH Adi 
E51 Aq * peyeRjeIBitjgiilltfirdbsfeglis Dar] iddideeeibli2..gi:(ndi]ifriii tera SETEN pees pea fea 


Flowtade, Q, g pan 
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. 12.28 In Example 12.3, how will the maximum height, z;, that 
. the pump can be located above the water surface change if the 
water temperature is decreased to 40 °F? 


From Table B. | tr WF water, Vapor pressure ^ — O.U2' 7 psia 
and F= 62.43 46 / ££? Thus, with This Change m ERC) 
ın Example 12.3 i 


tb 42 | Ag | 
t ( /« 7 A.) 2.) ETA 


Ex es 
For. 
A 





2 
Nak : £293 s 
>j % in” 
[0.127 fee (doe gh | — 1s ft 
62.43 DT 
so fact " 


(Z) mas E biel is 


| ^us, There 5 an increase tn height A pm 7. bs 44 tn 9.43 4 
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12. 29 A centrifugal pump with a 7-in.-diameter impeller - 
has.the performance characteristics shown in Fig. 12.12. The 

: pump is used to pump water at 100 °F, and the pump inlet is 
located 12 ft above the open water surface. When the flowrate © 
is 200 gpm the head loss between the water surface and the - 
pump inlet is 6 ft of water. Would you expect cavitation in the 

, pump to be a problem? Assume standard atmospheric pressure. 
Explain how you arrived at your answer. 


From EZ. | ae ee 


a Re. P, (/) 
NPSA, T ws UE m 24, - "S 


From Table B The water va por pressure ak /00°F 45 O.9¢ G3 psia 
E: lb : : z 
anu 7 62.00 Š: Thus, wiTh ha [4.7 DS/A , Z,-/2ft du 
Zh, = 6 FÉ, £9.) dead 
14.7 L8 +9 fe) 
NPS H, = eee, EE. eS ee 


/& 
e2. 0o Zs 


(0. 9493 ze ivy 4 


, 





62, 20 £, 
= /27 Ft 


From Fig 12.42 «af 200 4pm 
M PSH aa Fe 


For proper pump operation 
A PS i, = NP 


Jince This 1s true ia THs case, ~& expect Mal cavitation 
in The Pump would not be a prblem. No . 
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| 200 m of 50-mm-diameter smooth horizontal pipe as shown in ` 

Fig. P12.30 and discharges into the atmosphere with a velocity 

of 3 m/s. Minor losses are negligible. (a) If the efficiency-of 

the pump is 70%, how much power is being supplied to the E ud 

| pump? (b) What is the NPSH, at the pump inlet? Neglect losses B FIGURE P12.39 

| - in the short section of pipe connecting the pump to the tank. . .. | 
. Assume standard atmospheric pressure. 


12. 20 Water at 40 °C is pumped from an opentank through - T cm 
3m 


Diameter = 50 mm^? 
Wen a Uu Wilco e ceutuuA s M (2) 





Length = 200 m 


(«) P Ls z 4. = f Vi Lh Lt | 
Intt" jə > t+ #.t ag * zi (/) 


umere p =p o, 7e 28 mí £ 34 aad £0. Thus, E3. (1) 


becomes " yes g 
Z, + hp zi (in f£ =) tz 
Also VD a. (3H 
í Mec cu = (3g oom) . 229x105 


(4.590 xlo a ) 
and trom Fig. €.23 fer smeoth 208 470.002. Thus trom 


EG. (2) (3 )* | 
f Ao IS [re oos (ZE) -3m = ant 
204.814) 


Hence, 
Power Gamed by Plaid = YQ hep 
3 2 
= (9.73) x I2 AN LE Moo) (3  ) (22:324) 
= L45 XI0? NM. = LL 48 AW 
ANA ] 
wer GINE d b H. Ht d 
|, zi " S adii BEA LI 
lower supphed Te pump Efficiency 
= ^95 £W _ 2 074W 
6.7 eee 
(b) From Eq. 11.24 
NESH = f €. Pe 
25 p (33 


Where f£, and Vs refer do "The pressure and Velocity at the 
Pump inlet, respectively . Also, 
4 2g 
Se thet Wi BE Baby, n, Exo, and A= 
12-26 


Zz 2 
Ay bh +Z,= fs p h +Z + h 





2 
atm ~ = h -+ Ks 
FO OE coge un 


Rad — Therefore from £f (3) The available NPSH 13 
WPSH = Petm +z,- Pr CH 
A d + 
Mote Wat This result borvesp onds te E. 12.25 with z Pasitive 
(Since pump 45 below reservoir) and zo. | 


From Table B.Z The water Vapor pressure at 40°C 43 


737L AX n^ AES labs) anan d- 9.731 xi? A] m? Thus, from 


Eg. l+) With Bin = lolRPa 
3 
(101 X Ib Z, ) 


N PSH, = 
i oem 
( 2731 x0?*, ) 


3 
(737 x N-E, ) 


3 N 
($75, Alo” >, ) 


[ond 


= /2.6 m 








12.31 The centrifugal pump shown in Fig. P12.31 is net self-priming. 
That is, if the water is drained from the pump and pipe as shown 
in Fig. P12.31(a), the pump will not draw the water into the pump 
and start pumping when the pump is turned on. However, if the 
pump is primed [i.e., filled with water as in Fig. P12.31(b)], the 


pump does start pumping water when turned on. Explain this 
behavior. | | 





EFIGURE P12.31 


The head-tlowtate charactenshis for & typica) centr fuaga! 
pump qare Shown in rg, /2.1]. The maximum heed That The 
Pump Can add occurs wher when QO Cee, at staré up fer example ). 


This head ts in terms of tae Hurd in the pump. Neglecting losses 


irii o 80808 05s A O00 HIP 


MÀ oom à 


and The velocity head Cana cavitation ettects) the pump Can 
lift the find a heht H eg ta | £o The head added by The RA 
However, tf the Fluid iñ The pump is ath CEE, not Primed) Me n 
added 5 14 terms af Ft e m ef air. Foy example , rf hy ge 
The pump Could raise water thet figh rF IE 13 primed (filled 
with water) LF the pump © not primed (filled with air) Then 
The pump Can only raise water up to a dislwce, 


Ib 
b= soft, Wh = mW CoE? 0.038 FL 
Cater ^ gp 


[Lente the water wl! not get into The pump. 











12.33 Owing to fouling of the pipe wall, the friction factor for the 
pipe of Example 12.4 increases from 0.02 to 0.03. Determine the 
new flowrate, assuming all other conditions remain the same. What . 
is the pump efficiency at this new flowrate? Explain how a line 
valve could be used to vary the flowrate through the pipe of 
Example 12.4. Would it be better to place the valve upstream or 
downstream of the pump? Why? 


With f= 0.25 , Eg. (2) ja Example / 2.4 becomes 


_ (200 Ft) ere en 
hp = jo tt +| 003°C vs #15 41,0) 


See , y- @ | Q (ft^) 
" Cfa) 
Eg.t/) Can be Written as 
ey = ot LOU Q^ 
or hi th Q h gel [min N 


Top = [0 + 3.00 x? lg (gal ui) (2) 


The intersection of E2. (2) (the system ef uation) Lo) Th The 
performance curve r the pump, 45 Shown below, Indicates 
Hat 7e new Flow rate 1s 


Q= Iyoo 4 a 


and Tne € f cientes at This flowrate Ls approximately 7 4. Q JA | 





Z (32.2 7) a 
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12.33 | (Cont) m 





A 


line. valve acts GS a va rjab/e tvi'ctona/ resistance 


do the thw. Closing The valve. js gu i valen 7o AURAR 
friction and roving The. Sys ten; curve To the 1242. 

Ih Ter se ching jhe head Curve at an Ope rer tonal poirt 

/ vo liy 


Jess fho wrate than with a more open valve selling, 
This system curve js sketched m The Figure on the previous 
Page and labeled “mare fachon ( eng valhe ). ° Opening The 


Valve ^f Simi lar 75 re moving frit hor nol 20V) the. 


Sys flor curve to lhe right 19 lersec hua 


fhe head turve 
af an 


eva (tng pomt /NV O hvr more Y bra fe Ban 
wilh a less epen valve. sena . This System curve. IS 


SkekheA on the. previous pag e. anal labeled “RSS fecha 
/ 
(opening va he ). 


Lt would be geneva lly bela te elace The Valve 


downsfream of The. purip So eve ic. the low Suction 
pressure, and cavitation possible, wilh upstream 
placement 0f The we. 
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12.3% A centrifugal pump having a head-capacity relation- 
ship given by the equation h, = 180 — 6.10 x 107407, with ` 
h, in feet when Q is in gpm, is to be used with a system similar ` 
to that shown in Fig. 12.14. For z} — z, = 50 ft, what is the 
expected flowrate if the total length of constant-diameter pipe 

is 600 ft and the fluid is water? Assume the pipe diameter to be 

4 in. and the friction factor to be equal to 0.02. Neglect all minor — 
losses. 


* pe #, Vu 
Pi = a. ag I ( / 
r a. “Tl ee TUE i ee 
ana with £= k =o, Kern, =O, oe Soft, f=0,02 , D = #2 tt, ana 
L= beo fi , &E9. €) becomes 
( e 
d ue iul ue dud eee ee (2) 


P fe ft) COGL2 ff) 
| $ 
Sine | 3 
Ince y- Q i POT) 
"m 


CIE 
Eg. (2) Can be kiy/Hen as 
dup? Sot 73.4 O° 
or with Q A gal/min E 
top> SD 3by xD [0 hi] (3) 
Zhe pump head-Ca pacity re lationship 1 N 
ha 180 - bix” [ G OY) (+) 


THUS, The operating point will occur. at he flowrate 


Lhe re A, = hp, Or | v 
/45 - 6&.l0XI0 "a = 50+ $b54x)) Q 


2. 


So That 
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12.35 A centrifugal pump having a 6-in.-diameter impeller 
and the characteristics shown in Fig. 12.12 is to be used to pump 
. gasoline through 4000 ft of commercial steel 3-in.-diameter 
. pipe. The pipe connects two reservoirs having open surfaces at 
the same elevation. Determine the flowrate. Do you think this 
pump is a good choice? Explain. | 


2. 
Pan ++ Ac & 
d 2.6, / 





and with f= ico, Vo oO, Rod ro L=4000ft, ana D= Yat 
(neglecting miner losses) Eg. ll) be Comes 





4 i £ L2 Ft) TES ( 2. ) 
P (2, ft) C2) 32.2 £6) 
Since y= Q QUA ) 
A 


(BN 5, fe) 
Eg (2) Cen be Lorilie4 «5 


^, = 403 x)0 f [ 0z) ] (3) 


The friction tector depends on Ke Vb/y = Ap fy DV 
Gna with VI 49 4D LAY; fer gesoline 


. £C) ; 
uo uer t Ad 3 
Gr) Ye fe) xi E^) Y x10 Q (TEL) 


e 


for Commercial steel 3-in diameter pipe ( rom Fig, 8.22) 


E . -* 
BT 5 XİD 


Thus br a gin Q , F Can ke obtained Prom the Moody 
Chart , or he Colebrook € tation DE dis J; ana Ap 
determined ver Eg, (3). Zabulated Values are  Flveu 

In Tne following table | 





(cont) 
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| 72.35 | ( Cont D 


OZ) o(2)| ke | £ | 409 


/??^ h 


Yo 0.0391 2274) | 0.0208| 17o 
20 0.178 5x1 | 0.0193 | 680. 
/20 0.267 2.78 x10°| 6.0187 | 7/37 
/éo 0.357 371 Xu5| 0.0184 | Z¥2 
200 6.4.46 4b4xI09| soil | 373 
avo | 6.535 SSLX 10" | 6.018! 5 31 


These date (hp vs Q) are plotted on Fig, /2.12 (reproduces 
Selow), and the flowrate at the satevsection of The system 


Curve and The pump Curve /s 


= 2 / 
g ~= ^54 2 


in at thes flowrate the pump operates near peak e fficiencg 


s wpe of pump ould appear Jo be food Chore sf 


x ITE 2 n Howrate Is at ew near The desired E 












| : —— 
EIE a 
Bin. dias Pe! 9 || 
BOO * MCN he deci ciere is 


MT IV EE a ERE reca REC EO: RE Mel TRA am n i a cicli iab 
MO ae A 

SNR N 

To l | o d 





Le L| j| 
-—T e d 
= = —— 
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12 .36 Determine the new Botas 4 for the Pe described in 
Problem 12.35 if the pipe diameter is increased from 3 in. to 4 in. 
Is this pump still a good choice? Explain. 


R fa b ub. 4 Problem /Z.23, li th D= Hiz ft Ef. C 2) 


be Comes | (Loos L) 2 
hy TELS ML 
(Z ft) (2032.2 2 =) (2) 
and yaf. qi (FEY ) 
+ 5 
T) (+p) A) 
ed that dos" 2.45 xd? E, | oc. ye C 3) 
The  Kegnolds number becomes 
- 49 . t Qf à O GE) 
£r Ee. fU UEM = 780K OE. 
© ADY Ur) Cy 4) (444) 
r Commercial steel f-m dhameter pipe (fom PF 82 2) £ - FS aa 


Jhus, for & giren Q, F can be chtained fron He Mooda ‘hart, or the 


Dok 4 € HATIOH (e £e. £15), qat kp determined trom &9.03). Tabulated 
Values aré given t Pr following Fable . 


p (2) rd (4) Ke £ Ap (ft) 

Ho 0.084) | L5). | o ozn 4 | 
go 0,178 13?x/0 | 0.0192 /*. 4 

/20 0.267 | ZOXID | 0.0/83 $2.0 

JLo 0.889 | 218x10? | 0.0179 | 55.9 
200 6.444. | 348x10? | 6.0174 55-9 
240 6.525 | 17x10? | 0.0174 /2 2 
8o 0.624 499.8 )0° | 0.0172 16 4 
320 6.7/3 SSLX? | 0.0170 212 


These data le hs Vs, Q ) arc plotted on Fj; 19, (2.12 l Feproduced 
on the fellows ai ge), dud The Slorate ab The Intersechon of 
the systlm Curve dna 7^e pun J lur Ls 


. gal 
2 7255 7 Pin 


(cont? 
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Capacity, gaUmin 


d 


Since at hes 7 Jeu rate The P mp efficiency bs Jair ly 
low (^ 49%), This pump if no longer a ged chore: 
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12.37 A centrifugal pump having the characteristics shown in 
Example 12.4 is used to pump water between two large open tanks 
through 100 ft of $-in.-diameter pipe. The pipeline contains 4 reg- 
ular flanged 90° elbows, a check valve, and a fully open globe 
valve. Other minor losses are negligible. Assume the friction fac- 
tor f = 0.02 for the 100-ft section of pipe. If the static head (dif- 
ference in height of fluid surfaces in the two tanks) is 30 ft, what 
is the expected flowrate? Do you think this pump is a good choice? 
Explain. 
Application of The €nergy eg uation between The Two free Surfaces, 
points (/) ang C22, 9] Yes 
2. 
d. ds Vee gods e oe Dt C1) 
di Yi We e Le. x 4 T 
7 = zy T 2 / Lax P d L 4 2. 
Gud with p=p =o, Y=K=0, and Z,~2,= $0fi, Eg 1) becomes 
hp= Soft «Ed, tz) 
The head Joss term Can te Expressed as 2 
f (oo £t) ) V ^. 


ZA, = [4 Cos) t 10% Z + 202 (8 fe) fe) x (3225€) 


with The Minor loss Coe {ficients obtained Tyi Ta ble £ 3, Also, 
_ @_ QEL) 


^ (2) EH) 
hp = 36 + 2.06 BEZA 


or She system £fuetion Can be writen 45 


top = 30+ hor xlo s (ola) CF) 


and £2. C) becomes 


The intersection of the 
Systm curve (£9. 3) bith 
The pump Curve. , 45 Shown 
on The figure, rai 


That 
Y= 17 fo e. ga! 


Snee the efticiency a? this 


flowrate 1s near peak 
efficiens; as Shown on Te 


figure, This pump would be 





Head, tt 
Efficiency, 95 
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i | | 
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12.38 in a chemical processing plant a liquid is pumped from an 
open tank, through a 0.1-m-diameter vertical pipe, and into another 
open tank as shown in Fig. P12.38(a). A valve is located in the Open 
pipe, and the minor loss coefficient for the valve as a function of | 

the valve setting is shown in Fig. P12.38(b). The pump head- 
capacity relationship is given by the equation h, = 52.0 — 1.01 X 
10° Q* with h, in meters when Q is in m?/s. Assume the friction 





m 






i 1 i i t 
mor m mr aida e e me 
i i H 1 
1 
i 


EH 
Jil. —— —-. 
3 
: 





O 20 40 60 PEE 
(Closed) | (Open) 
Percent valve setting (a) 


(b) 
E FIGURE P12.38 


PF y^ = AÈ Z + xf 
FTE tet Mee Ah on 


eue bth Le Ree, V -5n-O, gad #,-Z%,2 3m, £ $4.0) becayes 
4d. 

P 

The head loss Ferm can be ex pressed as 


Zk = (K, + F) 


= 33m T a. 


(4) wrtn The valve open 
f= 0.02 £ = 30m | and D 7 O lom, ag. 62) Can be Lur(rf^ as 


coon? | ye 

= ô, - 

he Im + | ^o dicio (blm) 2G, PI, 
Gnd with 0. Q x 

/ ^ Gm 








£03) becomes ae 
23, + [ 1.0 T b.o J(fz4) [omz] 


Apo = 
or 3 2 
hep = 33 + 5,14 XID [oep 


(Con A 2) 
Pao ira 





lI) 


(2) 


&, & ho (Arn Fis. P/2.29 46) So That lity 


C.3) 


CF ) 


(S) 





" ( lont ) 

S/Ace The pamp Cguatiøn m 

hp = vé 0/ xe acm (4) 
Ef. (5) and € f. (L) Can læ joe Lo deternune The Fhwrate. Thus, 


J oa 3 2 
334 5718XI0D Q = 52.0-1.0/ X10 Q 


nl 3 
Q- 0.0524 ao 


(b) ff the flowrate i to be eat m half so Tat 
Q- 0.05¢7/2 = 0.0265 ms, The heed added $y he 
pm, IS | 


^ 


3 ui. s 
p= $2.6 — L0/ Xb [0.0265 2 ) 


= 547.6 
Fron EZ. O) with K, unkown 
Sl. hb amn = 23m + (k, +é. o (32L) (2. 2245 2°) : 


So  7ha£É 
| k= 4943 


From Fig. 12.29 (4) The valve would se /3 % open Ze 
obtain This K, 
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12.41 | | p 


12 41 What i 1S the rationale for operating t two aeamemesilvii sim- 


: ilar Pumps duce in reatie size at "ie same flow eee 








ways, opera fing both of them at q Flaw coettre 


associated with Ká efficiency would make sense. 7 


M MÀ e——À 9h ae 


Faas tebew ct mette tte tte 





f He pumps are iue in geometry and other r gant 


Henne Ite AI ea e 
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12.42 A centrifugal pump having an impeller diameter of 
1 m is to be constructed so that it will supply a head rise of 
200 m at a flowrate of 4.1 m?/s of water when operating at a 
speed of 1200 rpm. To study the characteristics of this pump, 
a 1/5 scale, geometrically similar model operated at the same 
speed is to be tested in the laboratory. Determine the required 
model discharge and head rise. Assume both model and pro- 
totype operate with the same efficiency (and therefore the same 
flow coefficient). 


For sumarse The model pump must operate at Tue same 
flow Coefficient, Ey. (2.32 , so That 


P _f © 
52»). l 252), 


Where The subscript Cm) refers to Tue model and lp) fo the 
prototype . THUS, 


E» 
p= e (T =)” 9, 
and IT bm > n D JD, = VS, ant Qo” dais Ther 
Q, = (GE (41?) = 003282 


rrntemiuni iii 
reee 


From Eq. 12.33 


(the) -(&£) 
4. £e), 
And with UI its bdp” s, Dy, / Dp = Ve, And fap = DOM, 


Then 
h, ANOLE N oor E o D 


So That 
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12.73 A centrifugal pump with a 12-in.-diameter impeller 
requires a power input of 60 hp when the flowrate is 3200 gpm 
against a 60-ft head. The impeller is changed to one with a 10- 
in. diameter. Determine the expected flowrate, head, and input 
power if the pump speed remains the same. 


For geome tricalls similar pumps operating at The Same Speed The 


effect of a Change (46 1mpeller diameter 4 Given by Egs. 12.3, 
(2.40, 12. #1. LUGS , | 


Gq. A" (Be. /2;39") 
Q, RŽ 


and with G = B20ogpm, OF Fi, Ana Dc dne 


t 3 
lp, = (2 ) 9, = y ) (7200 4pm) = J950 opm 





/2 in. 
From Eg. 12.40 
2 
he, = D, 434 /2. 5 ) 
ene Z- 
Aaz D, 


I 
N 
Q 
P 


So that wit ha, 


1Z 1. 


33 (2 2 he = (lot) testé) = 41.7 £2 


Stmilarlg From Eg. /2.4! 
W sheft, s D, 


r pu (E3. 12.44 ) 
W Shatt z De | 


auch with Wey fp = eohp 
J 


5 2M 
hy = L01N: ) = ci^] h 
ue /Z. in. (be ^p / LE 


ZU (2) 
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12.4 Dothe head-flowrate data shown in Fig. 12.12 appear 
to follow the similarity laws as expressed by Eqs. 12.39 and 
12.40? Explain. 


The data tn Fig. /2./2 show tne effect of Charging /mpelle r 
diameter en head- Howrate Characteristics. Fecording Zo the 
SIMI larity laws Cx pressed by Eg. [2.37 ana Eg. 12. ko 


QO . D? 
5. ` D> (Eg, 12.34) 
2. 
oe E s: (Ep, J2, #0) 
42. i 


Thus , 45 Jue ameter bs Increase Trom biù. do TH £s dm. 
The tlowvete /n Creases 4@C cording be Eg, 12.39 45 
TE 

(From bin. fo ià.) Q (2) ý = (22-6 = 157 € 
and i. di 

h a EE = 2.0 
Caray £n. to £5. ) P, = Zin ) e, 4 7 9, 
Similarly, trom EQ. (2.40 , 

: j Dz " - T j - 
(from bin. Yo 7,5. ) A2 ) he, ie: ) he | 3b ha, 


Aug 
: s Sin. 2 _ n 
(tran brh. to bin. ) he (SF) fea, = [78h / 


Thus, toy PNY Swen pomt, «ch ao (A ) iw here Oz 120 4pm Gua 


hg = Zso 4 ( see FG. /2./2 en fe llowins page ) fo, The dés 
diameter /m pe/t- Ihe Corresponding predietet Porn t woal be 


t- (B lUhere. 
a ) er ) = (4,59) (/209pm) = /9f jpm 


f, = (1.36) (250 £) ~ 34o ft 
í z 


( Co^ J 


JETZ 





ra ee r ai zm LLL l 
O 40 80 120 160 200 240 280 320 
Capacity, gal/min 


Sim arly for The  8-1n Guameter sm pe Her the Predicted pomt, 
Point (C), would be at 
G3 -(2. 37) (120 4pm ) = 28% fpm 


Pomts (B) ana (C) Fal! near The Corresponding Curves 1r 
Fig, 72.12 Jherebs demenstratirig at Theg do appear to 


follow The similarity fats. Yes. 


Wote dat acterding te The Smilanty laws The b-a. diameter 
Curve is simply Translated to Tne Nght and upward Éo 
obtain The Corresponding hetd-flowrate carves for The Tin. and 
f£-1^n. diameter pumps . Lt us clegar fram Fig, 12.12 That 

tas ts Fenerally how The Three Curves are related. 
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12.45 A centrifugal pump has the performance characteristics 
of the pump with the 6-in.-diameter impeller described in Fig. 
12.12. Note that the pump in this figure is operating at 3500 rpm. 
What is the expected head gained if the speed of this pump is 
reduced to 2800 rpm while operating at peak efficiency? 


From Fg . 42. I2 for the hein diameter Impe /ler opera ting at FS00 rpm, 
Q= 170 gpm ang hg = 230 fE when operating at peak efficiency 
( See figure below ) - Thus, +f The pump is xil] Operated at peak 


ef Ficrenty turtH The Speed reduced +o 2800 rpm Then from 
E? /2.3¢ 


= = = ( £g, 12.36) 
A 2 


wo Shot fates 
DP = pm = 
Gn = m, 4 35 rom J(lTo1 ) = 156 ppam 


From 49, 12.37 


d os = w, (Eg. 12.37) : 
har to," | 
so That na ag _ [ 2800Kpm NY 
ha, p rj he p E ) (230 ft) = 147 ft 


Ane 
RAL 





gt: 





O 40 80 120 160 200 240 280 320 
Capacity, gal/min 
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12.46 A centrifugal pump provides a flowrate. of 500 gpm 
when operating at 1750 rpm against a 200-ft head. Determine 
the pump’s flowrate and developed head if the pump speed is 
increased to 3500 rpm. 


Fer a «Gwen pump The effect of a Change m speed on Q 
4^ Ag "t GIVE n by EJS, 1Z, 34 @na 12.37. Thus, 


Wi. co (E 
—— X —— 7. /2.36) 
Q Aa 


and with B= 500507, W,= /750 pm, dud a7 = 3500 rpm , Then 


A = LZ O E (3500 rpm) ‘500. gpm) 
42 lo; f (17582 rpm) (. IP 


Similarly, 2 
he = € (Eg. (2,37) 
he, W, 


so That with ha, = Zoo ft 
/ .( & de = ( sg y ( 200 ft) 
4, © Wy, / 


1750 rpm 





m a 
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~~ example. 


feste tns 


- A variety of pump configurations like the ones shown in 
: Fig. 12.18 were tested over a range of flow rates. 

^ . Performance data like those shown in Fig. 12.17 were 

~~ acquired. For each pump configuration, the operation at 

. . maximum efficiency was noted and the specific speed, N, , 
= (Eq. 12. 43) was calculated for that condition of flow. 

- . These specific speed values calculated at maximum 

- efficiency operation were then used to distribute the 

. different pump configurations as shown in Fig. 12.18. 


. Specific speed is important because from desired design 
_ operational data ( € , Q, and h, ) a specific speed value can 
-~ be determined. With that value of specific speed and Fig. | 
~- . 12.18 the designer can decide what kind of pump 
. configuration to use for maximum efficiency operation. 
~~ For example, at lower values of specific speed, a 
.. centrifugal pump is generally best. At higher values of - 
. . Specific speed, an axial-flow pump may be best. In between 
.. values of specific speed may suggest that a mixed-flow 
- pump would serve most efficiently. 


]2-45 


Poche t Mte ANS 


RÀ 


12.98 — 


12.48 Use the data given in Problem 12.25 and plot the dimen- 
sionless coefficients Cy, Cs, 7) versus Co for this pump. Calculate 
a meaningful value of specific speed, discuss its usefulness, and 
compare the result with data of Fig. 12.18. 


From P. élan 12 25 The followin 15 n Were obtained : 


Q (4pm! 2o | % bo | fo — o | 720 Jyo 
22.9 2.5 87.3 53.5 773 67.8 S49. 
h, ft) i 
7 (% ) 25.] 74. 2 47.7 57.3 6/3 £o. V $5 2.4 
Power LSE 2.27 | 2.67 2,257 2.14 3,94 Y oo 
rigat (hp) 


for w= 070% E) " (zr tA AE 2^ [83394 and D= didt 
Fo hws That 
Quo Dm ew tolam) 
Q tb (1833 MAH) (2 RJ 


2.88 x10” Q (opm) 


I 


C - 24a » (22.2 ft ) A, Gt) 
"wD (193.384 bay 

70 x0” £ (2) 
W shaft - Wag (hp )( $52 E ) 


S. hp 
3 5 m age iiie Vado PPP Ml Hr c IET 
pes (1.44 gha yE R) 
-4RXID- W ses Chp) 
Based On Te date above: 


Ol4pm)| Zo 4o bo go loo | /20 | /¥o 


I 


2x -3 - as 

Co 576415 | H15315 | 173x10? 2.3287 | 24807. | Ln | Yoaxw? 
C H 0./5 84 | OISU 6./4¢ ?$ 6.1923 01317 | o.Uó* oa 
- 5 -4 — 
P 3.07 40” AVoYID. SSX lò f 5.72 Jb á Liayid | 677x10 | 776x10 


21.1 y2 | 44 | $27 23 £099 | S24 


M Con tJ 
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12,48 | (con't ) 





The plot of Ch, , 7 versus Co ts hein belo, 


E Bug mu E 
«| 
- 


mim p 









yy t 


Zei? 





ari = EE 
| WU | 
t Hm pud 


E 


EH 
E 
HE 
Er 


Tahy 


i 


a 
i 
I 


E 


E 





So for R= /00 gpm at 7 = 61.3% 
max 


| Nos (1750 rpm ) loom) . £7 


3 
: l (77.3 44) | 
: Which 15 within the range of Mj Values to vad in Tan 


| pump: Ir Fig. 12. 18 
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12.49 In a certain application a pump is required to deliver 5000 
gpm against a 300-ft head when operating at 1200 rpm. What type 
of pump would you recommend? 


fle. Y= FLO 4mm, ha = 300 fi , And 4-7 /200hpm The 
Specifrc Speed ^s 


My = Co Crpm ) |P gon ) 
[k r] 
(/200 ppin ) | S200 gpm ` 
( 300 4)" g 
= S480 


TF a RE 
I i eH He n d 


from Fug IZ. 48 , a Ths Speca fc Speed a radial 
thew Pump (Cen tri agal Pump) luould be recommended. 








12-53 A certain axial-flow pump has a specific speed of 
N; = 5.0. If the pump is expected to deliver 3000 gpm when - 
operating against a 15-ft head, at what speed (rpm) should the 
pump be run? | 


Smite - l) Cradh) DY) 
| g (Ft) Aa Ge)| Bhe 
Loy NM. = me, "4 = 32.2 41/5? Á, zi ^f qad witu 


t^ 


Sassi. 
^ LUE fm - LL8 ft 
(748 £7. ) (boris ) : 


it follows That 


| Cu EE 
= [44 D 


llence Zo (rpm) = (144 md ) (bofa) 


rad 
ET v 


= [700 rpm 
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12.54 A certain pump is known to have a capacity of 3 m?/s 
when operating at a speed of 60 rad/s against a head of 20 m. 
Based on the infermation in Fig. 12.18, would you recommend 
a radial-Bow, mixed-flow, or axial-fliow pump? 


Since | 
e (rad/s) J (Qs) 
n: — 5; 
[AR] h. ln) | d 
for o> 60 rad/s, Q = ZB m/s, E, = 4 81 ms’ uel he 


( Go rad/s ) / 3 ws 
3l, 
[ (Fe1mh2)(20.m)| 


= 1,78 — 
Ly itn Ne = /. 28 


M, = 


From Fig, 12.18 The pump 1s 


A 


mikeda-Flow pump. 


— 
-— 


ZO ya 





12.55 Fuel oil (sp. wt = 48.0 lb/ft, viscosity = 2.0 X 
107? 1b-s/ft*) is pumped through the piping system of Fig. 





| are negligible, but minor losses are not (minor loss coefficients — 5 
are given on the figure). (a) For a pipe diameter of 2 in. with a. _ E 
: relative roughness £/D = 0.00], determine the head that must 









Fe ee eee aar peti CROP ns gt teers tetit in Fite j 
a se UXRRDNCUIÓTReSueHeIBPÓS OR UUIRUANP oo LG 


.6 ft/s 


|. be added by the pump. (b) For a pump operating speed of 1750. y : 4 (K, = 1.5) 
rpm, what type of pump (radial-flow, mixed-fiow, or axial-flow) [-——— — 200 ft ———--| Jave 
would you recommend for this application? ! (K, = 10.0) 
i E B FIGURE P12.55 
a4 
[^,^ o Pa y (1) 
(A) I ae +Z + Ap Gr erat 24, 
o o ag "v 


Witn = 48.0 1b/ ft", p=aspse, =O, v= 44 ft/s, 429 Aad 
Z-2,7 zo ft Eg. A © Cer» es 


(5 3.) uy D ) E 
f ( ft (44 £) + h, - Zo f£ PRAE ( 2) 





78.0 22 , 2 (32.2 1€. ) 
The head loss term Can be expressed as " (44159 
ZA, = EX 41S + LO * $ TE Gert) 
valve elbow exit pe C$ 
The Kegnolds Humber ss 4 | 
" ge P. GE VUEG H 
KT 5 mag DO c Spp 


-7 [bes 
<. XİD LO dian 
ec 


aha wiTh Ef) = 0.001 f= 0.0 Z¢E [Par Fig. $23) . 
Thus, h, = /3. 4 ft Aud ttm £2 C2) 
Ap= 18.3 ft 


(4) 2 
iiis Gyn lu EEG RR) - arco E 
E Q- (ao E) (749 E leok, ) = Ko gpm 


The Specific Speed ad 1750 rpm ıs 
to rpm) (OG (1750rpm) J K ogm _ TN 


[4 G2] ?* [/£356] ^ 
For This specific speed e radial- Flow Dump Would be 
recommended fer Tus application Csee Fig, 12.18). 


JLo 2 


ap 


NV sf 
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|. 12.56 The axial-flow pump shown in Fig, 12.19 is designed to DS nnd 
. timate the motor power requirement and the U,V. needed to achieve | | : 
. this flowrate on a continuous basis. Comment on any cautions as- . "m | Ws pO 
seciated with where the pump is pud med in the pipe. l on p i x is O ddp % 


e D 42. 2/ we get the. poweY eddies to He head Y rise. 
and flowrate moled . This is the minimum ; power vegul ved A &l Es 
| achieve the. qm specified. mE 


= Me l y £009 x) / 
FAY 


mn (* 48 gal \ 
| lc LE. 












M $./ hp 


Te estimate " shaft Orv motor porter greed we . need do 





= ' D P. pump Med speci iLiad. 





— Z Ge fw 30h e Mie 





SO : E e i 
" 


S 

oN 
C 
i 





42.56 |Ccon't ) 





ma / n "C4 Ho Aa D P la € a He e Pu 5» Y E e » 7A PUT m V EP : 








v E he 4 fake P / pe İS + a 0 so » a. way m. a va. paiol | | 
o Cavi Faton 197 The Pump . Ihe collapse of cevitehon l 





be biles m the pump Can Erede pump blade and other — 


' we Hee! Say faces. Apol lying the energy eguafim, 5. pe, | 
tween The free surface (1) anc the purp entrance i aw : 





2. 
M t z ~ 4 ol 
29 | 


RA. rz,” Fy 
Ü y 


dae seer rerneens È 


i and PE fux wf se. p , we nian ig Z, ES ^, | To achieve 
X 





É this we place. The pump. high vertical t the on 
— pipe. This wil dend to kujo p, high enmgh ty awid — 


i ; X 


~ cavi ferito which occurs when s and/o (or telale presores BN : 
an T te be ae become less than the vopov pressure oF 00 
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12.6| Consider the Pelton wheel turbine illustrated in Figs. 
- 12.24, 12.25, 12.26, and 12.27. This kind of turbine is used to 
drive the oscillating sprinkler shown in Videe V12.3 Explain 
how this kind of sprinkler is started, and subsequently operated 
at constant oscillating speed. What is the physical significance 
. of the zero torque condition with the Pelton wheel rotating? 


As shown on page 775 below Ef. 72. So 


| p J mr (U- yÓ- aa) thy 
| £0 fe no rolafean of the wheel or. Us o, the np 
ot Tag dpi 2 for Men Tag it 
just langer Than the resisting Torque. provided by 
The sprinkler , the Feltor whee/ rotates and 
Ay oscillation of The sprinkler. A Yor wheel 


| - robs and sprinkler oscillation begins, mp 


m 








dyi ves 





^ value of m and res ul ^ m A. Op 


Aet 





jene and a ilo osci [lation period . 






Lf the shaft cmnecha ag the oscillating s den 


€ A ltn wh ec/ breaks du ». n ornin y : 
bh 9 ES 
; | the e^ spri n ankler wil) CEQ $ e oses Ye a e ; : | | 






rP ced. E aiaei to Us VY 
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12.62 A small Pelton vesti is acd to power : an oscillatin; g jin " & 


QA 
RARA 


` = f- spritikler as shown in Video V123 and Fig. P12.62. The arithmetic G 
mean radius of the turbine is 1 m., and the exit angle of the blade 3 4 
is 135° relative to the blade motion. Water is supplied through a 
single 0.20-in.-diameter nozzle at a speed of 50 ft/s. Determine the © 
flowrate, the maximum torque developed, and the maximum power | 
developed d this turbine. 





B FIGURE P12.64. 


E the Pelion wheel shown 
| Q-AV- Zp’ y, = 2C (bs 








From Fig. 1,22 
Thati =m V (17 cosg) 
max 





and 
Whati 


max 


where m = QQ = 194 MB (0.0104 E) = "E 


= 0.25 mV,~ P "1 


Thus, 


Thattmay 


0.024) SZE Ss ( £1) (so Hy (]- cos 135°) = 0.150 EL | 


= 0,150 ff lb 








and | 
| pam 
W » = 0.25(0 on) Iis y (so (1- -cos /35°) - 22, s SH 
shati, , 0 gab 

| 22.5 t 


of | 

cei Jus 

Whati 7225 S geo HB ~ O00 
S 
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12.63 The single-stage axial-flow turbomachine shown, in Fig. 

.. P12.63 involves water flow at a volumetric flowrate of 9 m?/s. The 
rotor revolves at 600 rpm. The inner and outer radii of the annu- 
lar flow path through the stage are 0.46 and 0.61 m, and B2 = 60°. 
The flow entering the rotor row and leaving the stator row is ax- 
ial when viewed from the stationary casing. Is this device a tur- 
bine or a pump? Estimate the amount of power transferred to or 
from the fluid. 





BFIGURE P12.63 


Wu = (as - U Vor) where Vel -0 "S (D 
and u 


[e uas LEE) | Thos, with w= “ooo rer (p) ape LI. 
this gives | 
| aed ia: 

Also 


dip alie (94) = ys, #3 


But e M, cosbo” Az Dr Since A,= Wry? UY) 
9 


M- SE ACER "A 
H i from the yel ocity triangl e, 
: Voa “We sin60 +t, | 
= ~ 35. 7 sin 60 +33, 6 = 2,70 2. 
From Eg. (1): 





Wohatt = (299/ Hy 3242)( 2,70%) = 84x Jo* >0 
The device is an 816 kW pomp 
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.. 12. 64 Describes what will happen when the flow through the - 

turbomachine of Fig. P12.63 is in the opposite direction (right | 

to left) and the shaft is freed up to rotate in response to the re- ` 
versed flow. | 





when tow is reversed as shown in the sketch above 555 the 
velocity of the tlw out of the stationary sin row ( now a. 
nozzle) will leave at approximalkely the blade exit angle. The 
magnitude of V, will depend on the MH of the 
flowrate Q . From the velocity triangles eae above 

we conclude that the roter will now PE ina 
direction opposite Jo the one of problem (2.47. e | 
rotov spec d wi tl depend on values of Q and the restraining 
shaft Torque, T. Foam the velocity triangles we also 
conclude that the Huid forces on the movin blade 
Seetions are in le same direcho id Vn "ie * 
the Huid is doing wok on The rotor. The device is 
how acting as a turbine. W Ur U, Voz) 

y ay be used to determine shaft peni 





= M 
Shaft 
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. ; 12.65 For an air turbine of a dentin’ s drill like the one dowi in 
| . Fig. E12.8 and Video V12.4 calculate the average blade speed as- E oper Bee, 
d . Sociated with a rotational speed of 350,000 rpm. Estimate the air x Rp o queda 

r pressure needed to run this turbine. ; | T en n: 


We calculate the ial blade — 





| i-o 


CU = 454 ft 


E: A E estin ale, the air peswe, p, needed tia run this 





Cher ne, Wt €$ male that the nozzle. exit veloci Ed 
is aba dwice as large as the d p? de 











E| Den fom Fig. D.) the valet ft E comespied 
49- Blut of E ptt 


Pa 





d. ween ae See "aeileci E 
> 
* 
$ í E ; 
` Tr fe 





i 
i 
aet. 
i 
i ` er ae 
ametadirvitvstieese mee sym ee an sat edet e dee e uua j 
à a a : i , ] 
fet ete own, t.t 1 . . " s; . ; 
í å H : i 
t ——— € m * oe. 
2 D og 
? = ë 
f ! A A 3 
j l ` 


p. = "T3 Zu s p= E = OP eM 





3 i i, 

3 : E. 

F i r 
eens Ave TIS ow avd, TETT nee . . 

. - i k ki 

AM uc ' ; 

i z 

š s 

i L 





m "^ (14.7 poa. ) = 4/77 piia. 
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12.66 ~~ Water for aPelton wheel turbine flows from the head- 
water and through the penstock as shown in Fig. P12.6$. The 


TE Á— 9 m. E Creed eee ru ce t 


effective friction factor for the penstock, control valves andthe 


like is 0.032 and the diameter of the jet is 0. 20 m. Determine 
the maximum power. output. 


Elevation = E m 





V "d 8 Elevation = 250 m 
Q.20 m 
B FIGURE P12.66 


Wop af = peU(u- -Vi)(I-ceesg) or tor maximum power L =/80° U- V 
T hus, 


Wu =- OQ ye (1) 
sht =~ PX & | 
max 


But Op t og the = £ LaiL where f»7f270,2»7 475m, 
| 2,7259m, and Y= 


where AW -AV | 0 


2 2 
Fd Y -Zov . Thalis V-()v, =( S52) V, 7 oov V, 
so that £o, (2) becomes: 
975 m = 250m + zal | 1o osa ( 12n zo. 0494) I where Y~ m 


or V, = llh 2 


Hence, 
Q = AV, = Elo. am? (1143 2) = 3.56 Z 


Therefore, trom Eq. l: 


Hence. 
4 B V? 2 
Zo =Z, +h fea 


or 





e m | 
Ws haf? = -(999 ^ (3.54) (ss) z = 222x|o* 2 * 23200 KW 
max : cae 
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12.67 WatertorunaPelton wheel is supplied by a penstock 
of length € and diameter D with a friction factor f. If the only 
losses associated with the flow in the penstock are due to pipe 
friction, shown that the maximum power output of the tur- 


bine occurs when the nozzle diameter, D,, is given by D, 
D/Qf€/D)*..- 


We bafi - pori U-V,) (1-cosg) so the maximum power ol OcCU's 
with 8-/80" and U= 7 y . Thos, 


We hati m pe u where 


a. 2 
fet EDS hes iiL 


But f= ok Vo -0, and %-2,=h. This 
h= gt MI 


(1) 





where Since 4, us AV oF Zory - = AZ py we have 


| 
2 
y (8) v i i 
= MI M as eus Wadi dl 
Therefore, ü ff 2] ZEE [7037] p 2. (1) gives 
- ez D Vh E.M 


Wshafi = — 2 ROMA e aV 


For this problem f L, Dand h are constants ; D, js varia ble. 
Thus, trom £gs. (2) and (3): | 


I KD, a P = 1 
shaft = Es Where K=const. and c= const.= f De 
(1 +c be 


; 





Mole! Wshati — d as D,-*U and as D,—ce , To tind he D, that gives 
maximym power over all, set d dati =0 


d Weh att 2 KD, C2) KD? 
db = Cl4cD*)%4 f (1 1c D!) (c) VD, z0 
2K), 





e Ea | ¥ d. 


uud Ds 
Thus, D* ey co (21) 
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12. 6 8 A hydraulic turbine operating at 1801 rpm with : à | head of. 
100 feet develops 20,000. horsepower. Estimate the power if the - 
l Same turbine were to eee under. a head of 50 ft, 


veloped tor h draul!c pumps, nn pon bad ud power god ^r for 
in situation an ch pe hy A the. SAME etf chene G nel Thus Jb 
coefficient with one half the head. Thus, head coe thcient remams 


ig. 
ss 


Constant and | | g hy - a) 
: d (^ D* oD? 

so with D,=Da and 9, *22' à 

100 50 | 

Zones T i =z /2 

uao " Tag 0r 0h I7! rpm | 

| W. Wek 

Also power coethcieny is he Same fo zu = A 
$0 with D, D, and Q 7 6 á 
LER Wshagja a Wnt, = 24000 hp 

(100) (127) ee 


12.69 Draft tubes as shown in Fig. P12,69 are often in- 
Stalled at the exit of Kaplan and Francis turbines. Explain why 
such draft tubes are advantageous. 






E ^ ^ nx 
SE et ae EY à 
pi zi S ER UM d 
7 WE AY 45) sity BEANE 
TUEA 
ER 
en A 
2253 
$13 
fe 4 £77. 
iJ M 
LI IA 
Ret “i A 
b. v s 
; J ANDE 
T: F F: RAATS 
a fs x T ^ W8 es Y E: IAS 
e á INS pO NE E 
vy E TE iU js EN xS 
E2 oy 
7 A 









72772 
B FIGURE P12. 69 


Without the draft lube there would be a relatively high speed exit P3 
(speed V, , pressure f -0). With the dratt sn (uic acts qs a | 
diffucer) the exit speed is mich smaller (V, 0 , pz = 0). From Bernovly 
equation it follows that <0 (with the draft Ube) Hence there isa 

pes head available to the turbine. More energy can be removed 


from the tid. 


| 
j 
| 
i 
| 





/2.-€2 


posers 





ca a 12.70  Turbinesare to be designed to develop 30,000 horse- prod 
- power while operating under a head of 70 ft and an angular CM 

velocity of 60 rpm. What type of turbines is best suited for this PRA 
purpose? Estimate the flowrate needed. | 





What? = 30000 hp ; hy = 7Ufl ; and w=60rpm so that oo 


Noa = [xs HE = os ae = 513 For this Va lve a Francis seas 
turbine would be appropiate. EL 
Also, ince Wp ty = SON, it follows that aa EEE 


Whati (30,000 hpY(550 IS hp) _ £I i 
Q- shalt. SAO pan SP! 23781 iH 
yh (62.4 1,)(7of!) 
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7 pow. the velationship be ikin "T Size anol 4 power 


~~ 12.71 Show how you would estimate the relationship between fea- ; 
ture size and power production for a wind turbine like the one . 
shown i in ae a 1. E 


E 
\ 


produchon fy a wind turbae we use the climensionkss 


P! ferms af 


Es. 12.29 amd 12-30 which ave applicable fr 


this incompressible flow. fy simlar turbines 4nd opevatin ns (endi tions 


W hefi / 


W | 


Shaft 2. 





eemi me. and ger 


Size sguanedd . 


aia harari nd m irm m, Ț 


š : 1 : : D i : ; 
tine ee esta rh Per "TEN v Ott mmy S4 gun lI SN Q4 ton d atte nar sp APTE 


-—— ——-¢ 


12.72 Test data for the small Francis turbine shown in Fig. 



























P12.72 is given in the table below. The test was run at a constant NINE 62 TREE P 
32.8 ft head just upstream of the turbine. The Prony brake on . we oo 
the turbine output shaft was adjusted to give various angular - T UG M Amm 
velocities, and the force on the brake arm, F, was recorded. Use Bukeda 
the given data to plot curves of torque as a function of angular | 
velocity and turbine efficiency as a function ef angular velecity. 
Us. 
F (ib) 
Since &M.=0 for the brake arm if 
follows that Fhe Fr -Fr 
Also, the torque on doli 
" IEr-E 4 
"Ta FÁ* -(£8 where F~ lb m Q) 
Also F 
YQ hy 
Thus, ; n 
min a 
p= (TED ie) (PENERE) 
62.4 I) (Q E) (32.8) 
pd T f 
y= 5.16 xpo A where T ~ filb , w~rpm, Vocis (2) 
Values of Tand 9 are given in the table below and platted in the 
gra phs Shown. 
(con't) 
/2.- 65 


/2.72 | (con't) 














| /2-7" | 


12.74 The device shown in Fig. P12/d4fis used to investi- - 
gate the power produced by a Pelton wheel turbine. Water sup- | 
plied at a constant flowrate issues from a nozzle and strikes the - Brake shoe 
turbine buckets as indicated. The angular velocity, c, of the :, 
turbine wheel is varied by adjusting the tension on the Prony : 
brake spring, thereby varying the torque, 7,4, applied to the  : 
output shaft. This torque can be determined from the measured : 
. force, R, needed to keep the brake ann stationary as Tay = —- 
. F€, where € is the moment arm of the brake force. i 
. Experimentally determined values of « and R are shown - 
in the following table. Use these results to plot a graph of torque 
as a function of the angular velocity. On another graph plot - 
the power output, Waan = Tg c, as a function of the angular 
velocity. On each of the these graphs plot the theoretical curves for : 
-this turbine, assuming 100 percent efficiency. 
Compare the experimental and theoretical results and dis- . 
cuss some possible reasons for any differences between them. | 





w (rpm) R (Ib) 
0 2.47 

360 1.91 
450 1.84 
600. 1.69 
700 1.55 
940 1.17 
1120 0.89 
1480 0.16 





"— J-Rb-(o.sf)R or T=0.5R fHb, where R~ lb 


and W ‘hat! ^ TW = 7( t en) ( ma) 2 


Or ^. E | 
Wehatt = 0047 TH) EL where T Hb. to ng 


Valves of w,T, and Wy khay are given jn the fable and graph below, 


(8) Theoretical: T= mr(U-V,)(I-cosg) where assume B=180, 
Vs d Qn. - 53,7 Ë. and 


A, Z(28 
= 00 = (127 sis) (0.592) = ojos L 
Hence, with U-w2 = at) ae 27d Pad) - O. 0262 ft W ~r pm 
= (0./05 shee) C3 ao 0282 W -557| 8 


T = 1.4) [288x10 w -1] FI. where to rpm 
(conl) 


/2 - 63 


or 


0.542 ft/s ^ 





aa 
Also, Wht aft = Tw = 7(22u) = 0.1047 T w fh , where T~F}:/p, toc tpm 


Values of 7 and Wey, y trom Eqs. Gland C#) are plotted in the graph 
below. 


experiment Theory |. 
|. t4 pm T, H-Ib WW. poll ) fik | "T. fbi ~ shaft» fb 
0 1.235 O | 14] O 
360 0.955 36.0 1.16 43,8 
450 | 0.920 43,3. 4190 | 5L8 
6 00 0.845 53.] 0.497 62.6 
700 0.775 56.8 0,928 68.0 
940 0.595 57.6 0.763 75.1 
1120 0.445 52.2 0.639 75.0 
1480 0.080 12.4 0.392. 60.7 
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